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Advertifement. 

TH  E  prefcnt  publication  being 
chiefly  intended  for  the  Ameri- 
can reader,  we  have  taken  the  Hberty 
of  making  fome  alterations,  which,  it 
is  prefumed,  will  rather  prove  advanta- 
geous than  otherwife. 

Some  parts  of  the  work  have  been 
abridged,  and  other  parts  totally  omit- 
^  ted,  as  being  of  little  or  no  ufe  to  the 
;  American    furveyor.      Thefe  akerati- 
'  ens  have  enabled  the  Editor  to  intro- 
duce into  the  body  of  the  work,  fome 
'  matters  of  confiderable  importance  in 
^  the    pra£lice    of    furveying;   amongft 
!  which,   are   a   complete    fee   of  tables 
of  latitude  and  departure,   to  the  dif- 
^  tance  of  loo,  and  to  every  15  minutes 
,  of  the  quadrant;   alfo  an  example  of 
'  calculating  the  contents   of  a  furvey, 
according  to   the   method   commonly 
^  pradifed  in  the  furveyor  general's  of- 
fice in  this  city. 

rhiladelj^hia^  1780, 


S\g^^g^?^TyTrty^>^^ 


PREFACE. 


THE  word  geometry   imports  no  more* 
than  to  meafure  the  earthy  or  to  mea- 
fure  land;  yet  in  a  larger  and  more  proper 
fenfe,  it  is  applied  to  all  forts  of  dimenfi- 
ons.     It  is  generally  fuppofcd  to  have  had 
its  rife  among  the  Egyptians^  from  the  ri- 
ver Nile\   dellroying  and  confounding  all 
their  land- marks  by  its   annual   inundati- 
ons, which  laid  them   under  the  necefTity 
of  inventing  certain  methods  and  meafures 
to  enable  them  to  diflinguilli  and  adjuft  the 
limits   of   their   refpedive   grounds,    when 
the  waters  were  withdrawn.     And  this  opi- 
nion is  not  entirely  to  be  rejected,  when  we 
conlider  that  Mofes  is  faid  to  have  acquired 
this  art,   when  he  refided  at  the  Egyptian 
court.     And  Achilles  Tatius   in  the  begin- 
ning, of  his  introdudlion  to  Aratus's  Phts^ 
nomena,  informs  us,  that  the  Egyptians  were 
the  firfl  who  meafured  the  heavens  and  the 
^arth  (and  of  courfe  the   earth  firft)   and 

that 
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that  their  fcience  in  this  matter,  was  en*- 
graven  on  columns,  and  by  that  means 
delivered  to  pofterity. 

It  is  a  matter  of  fome  v^onder,  that 
though  furveying  appears  to  have  been  the 
iirft,  or  at  lead  one  of  the  firfl  of  the  ma- 
thematical fciences,  that  the  reft  have  met 
with  much  greater  improvements  from  the 
pens  of  the  moft  eminent  mathematicians, 
while  this  feems  to  have  been  neglecfled  ; 
infomuch  that  I  have  not  been  able  to  meet 
with  one  author,  who  has  fufficiently  ex- 
plained the  whole  art  in  its  theory  and 
pradlice  :  fqr  the  moft  part,  it  has  been  treat- 
ed of  in  a  pracftical  manner  only  ;  and  the  few 
who  have  undertaken  the  theory,  have  in  a 
great  meafure  omitted  the  pradlice, 

Thefe  confiderations  induced  me  to  at- 
tempt a  methodical,  eafy,  and  clear  courfe 
of  Surveying;  how  far  I  have  fucceeded  in 
it,  muft  be  determined  by  the  impartial 
reader:  the  fteps  I  have  taken  to  render 
the  whole  evident  and  familiar  ajre  as  follow ; 

In  fecflion  the  firft,  you  have  decimal 
fractions,  the  fquare  root,  geometrical  de- 
finitions, fome  neceffary  theorems  and  prob- 
lems ;  with  the  nature  and  ufe  of  the  tables 
of  logarithm  number^,  fines,  tangents,  and 
fecants. 

The 
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The  fecond  fedlion  contains  plane  trigo- 
nometry right  angled  and  oblique,  with  its 
application  in  determining  the  meafures  of 
inaccefTible  heights  and  diftances. 

The  third  fedlion  gives  an  account  of  the 
chains  and  meafures  ufed  in  Great-Britain 
and  Ireland^  methods  of  furveying  and  of 
taking  inaccefTible  diftances.  by  the  chain 
only,  with  fome  neceflary  problems  ;  alfo  a 
particular  defcription  of  the  feveral  inftru- 
ments  ufed  in  furveying,  with  their  refpec- 
tive  ufes. 

The  fourth  fedlion  contains  two  methods 
of  finding  the  areas  of  maps  from  their  ge- 
ometrical conflrudtion,  more  concife  than 
any  heretofore  made  public. 

The  fifth  fedion  contains  a  new,  and 
much  more  concife  method  of  determining 
the  areas  of  furveys  from  the  field^notes, 
or  by  calculation  than  any  hitherto  publifh- 
ed ;  and  I  venture  to  affert  that  it  is  impofli- 
ble  (from  the  nature  of  right-lined  figures) 
that  any  method  or  methods  more  concife 
than  this,  can  be  inveftigated. 

To  thefe  methods  is  annexed  a  fhort  table 
of  difference  of  latitude  and  half  departure, 
to  every  degree  and  quarter  of  a  degree  of 
the  quadrant,  the  ftationary  diftance  being 
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one  chain ;  which  will  be  found  as  ready, 
by  a  little  pradlice,  and  perhaps  more  exacS, 
than  thofe  already  publiihed. 

Truth  calls  upon  me  to  acknowledge,  that 
the  methods  by  calculation,  herein  fet  forthj 
got  their  rife  from  thofe  of  the  late  Thomas 
Burgh^  efq.  who  firft  difcovered  an  univerlal 
method  for  determining  the  areas  of  right 
lined  figures,  and  for  which  he  obtained  a 
parliamentary  reward.  I  hope  therefore  it 
cannot  be  conftrued  as  an  intention  in  me  to 
take  from  his  great  merit,  when  I  fay,  that 
the  methods  herein  contained  are  much  more 
concife  and  ready  than  his* 

Se(5iion  the  fixtli  contains  the  nature  of 
off-fets,  and  the  method  of  calling  them  up 
by  the  pen:  the  nature  and  application  of 
enlarging,  diminifhing,  and  conne6ling  of 
maps :  variation  of  the  compafs  by  ampli- 
tudes and  azimuths,  with  fome  of  its  ufes ; 
to  which  is  added,  a  table  of  the  fun's  de- 
clination :  how  to  find  by  what  fcale  a  map 
is  laid  down,  having  the  map  and  area 
given :  how  to  find  the  content  of  ground 
that  is  furveyed  by  a  chain  that  is  too  long 
or  too  Ihort :  the  method  of  dividing  lands ; 
And  the  whole  concludes  with  forne  neceffi- 
ry  diredlions  and  remarks  on  furveys  in 
general. 

THE 


THE 
PRINCIPLES 

O  F 

SURVEYING. 


SECT.    I. 


Containing  Decimal  Fradions,  the  Square  Root.,  Geo^ 
metrical  Definitions^  Theorems  and  Problems  ;  with 
the  Nature  and  Ufe  of  the  Tables  of  Logarithm 
Numbers,  Sines,  Tangents,  and  Secants* 

DEFINITION. 

SURVEYING  is  that  art  which  enables  us  to 
give  a  plan,  or  jufl  reprefentation,  of  any 
piece  or  parcel  of  land,  and  to  determine  the 
content  thereof,  in  fuch  meafure  as  is  agreeable 
and  Guftomary  to  the  country  or  place  where  the 
land  is. 

This  fcience  depends  on  fome  parts  of  the  mathe- 
matics, which  muft  be  known  before  we  can  treat 
of  it,  wherefore  we  Ihall  begin  with 

DECIMAL    FRACTIONS. 

If  we  fuppofe  unity  or  any  one  thing  to  be  di- 
vided into  any  affigned  number  of  equal  parts,  this 
number  is  called  the  denominator ;  and  if  we  chufe 
to  take  any  number  of  fuch  parts  lefs  than  the 
whole,  this  is  called  the  numerator  of  a  fraftion. 

B  The 
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The  numerator,  in  the  vulgar  form,  is  always 
wrote  over  the  denominator,  and  thefe  are  fepara- 
ted  by  a^fmall  line  thus  ^^  or  TV^^oX^r  the  firft 
of  thefe  is  called  5  twelfths,  and  the  latter  7  twelfths 
of  an  inch,  yard,  perch,  ^^r.  or  of  what  ever  the 
whole  thing  originalljj;  v/as. 

Fraftions  are  exprelTed  in  two  forms,  that  is,  ei- 
ther vulgarly  or  decimally. 

All  fradions  whofe  denominators  do  not  confift 
of  a  cypher  or  cyphers  fet  after  unity,  are  called 
vulgar  ones,  and  their  denominators  are  always 
wrote  under  their  numerators.  The  treating  of  thefe 
would  be  foreign  to  our  prefent  purpofe.  But  frac- 
tions whofe  denominators  confifl  of  an  unit  prefix- 
ed to  one  or  more  cyphers,  are  called  decimal  frac- 
tions ;  the  numerators  of  which  are  written  without 
their  denominators,  and  are  dillinguifhed  from  inte- 
gers by  a  point  prefixed:  th^i^T^-r^  ^nd  -j^^'m 
the  decimal  form,  are  exprelTed  by  .2  .42  .172. 

The  denominators  of  fuch  fradions  always  con- 
fiding of  an  unit,  prefixed  to  as  many  cyphers  as 
there  are  places  of  figures  in  the  numerators, 
it  follows,  that  any  number  of  cyphers  put  after 
thofe  numerators,  will  neither  increafe  or  leifen 
their  value :  for  ^^  r^  ^^^^  -rsrV  ^^^  ^^^  of  the 
fame  value,  and  will  Hand  in  the  decimal  form 
thus  .3  .30  .300 ;  but  a  cypher  or  cyphers  prefix- 
ed to  thofe  numerators,  leifen  their  value  in  a  ten- 
fold proportion :  for  -^-  7^-^  ^^^  tV^  which  in  the 
decimal  form  we  denote  by  .3  .03  and  .003,  are 
fradions,  of  which  the  firft  is  ten  times  greater 
than  the  fecond ;  and  the  fecond,  ten  times  greater 
than  the  third. 

Hence  it  appears,  that  as  the  value  and  deno- 
mination of  any  figure  or  number  of  figures  in 
commpn  arithmetic  is  enlarged,  and  becomes  ten 

or 
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r>r  a  hundred,  or  a  thoufand  times  greater,  by 
placing  one  or  two,  or  three  cyphers  after  it ;  fa 
in  decimal  arithmetic,  the  value  of  any  figure  or 
number  of  figures,  decreafes,  and  becomes  ten, 
or  a  hundred,  or  a  thoufand  times  lefs,  while  the 
denomination  of  it  increafes,  and  becomes  fo  niany 
times  greater,  by  prefixing  one,  or  two,  or  three 
cyphers  to  it :  and  that  any  number  of  cyphers, 
before  an  integer,  or  after  a  decimal  fradlion,  has 
no  effedt  in  changing  their  values. 


Integers. 

Decimals. 
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Addition  0/  DECIMALS. 
Having  placed  thofe  figures  which  are  equi-dif- 
tant  from  the  point,  (as  well  integers  as  fraftions) 
under  each  other,  add  them  as  if  they  were  inteo-ers. 

Examples. 

Add  4.7832    3.2543    7.8251    6.03    2.857  and 
5.251  together.     Place  them  thus, 

4.7832 

3-2543  m 

7.8251 

6.03 

2.857 

Anfwer  28.0006 

Add 
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Add  6,2    121.306  .75  2.7  and  .0007  to^- 
gether.     121.306 

'75 
2.7 

.0007 


Anfwer  130.9567 


What's  the    fum  of   6.$y    1.026    ,'^$    146.5 
8.7    526.    3.97  and  .0271? 
Aniwer  693.5431. 

What's  the  fum  of  4.51    1 4.6.0 ji    .507    .0006 
132.    62,'ji    .507    7.9  and  .10712? 
Anfwer  354.31272. 

Subiraaion  of  DECIMALS. 

Having  placed  the  figures  which  are  equidiftant 
from  the  point,  under  each  other  j  dedud  as  if  they 
were  integers. 

Examples. 

From  38.765  take  25.3741 
25.3741 


Anfwer  13.3909 


From  2.4  take  .8472 

1-5528 

'From  71.45  take  8.4837248 
Anfwer  62.()662y ^o.. 


From 
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From  84  take  82.3412 
Anfwer  1,6588 

Multiplication  of  DECIMALS. 

Place  the  multiplicand  and  multiplier,  after  any 
manner  under  each  other;  and  having  multiplied 
as  in  whole  numbers,  cut  off  as  many  places  of 
decimals  in  the  produd,  counting  from  the  right 
hand  towards  the  left,  as  there  are  in  the  multipli- 
cand, and  multiplier :  but  if  there  be  not  a  fuffici- 
ent  number  of  places  in  the  produ<^,  the  defeft  may 
be  fupplied,  by  prefixing  cyphers  thereto. 

For  the  denominator  of  the  produQ:,  being  an 
unit,  prefixed  to  as  many  cyphers,  as  the  denomi- 
nators of  the  multiplier  and  multiplicand  contain  of 
cyphers,  it  follows,  that  the  places  of  decimals  in 
the  produdl,  will  be  as  many  as  in  the  numbers 
from  whence  it  arofe. 

Examples.  , 

Multiply  48.765  by  .003609 
.003609 

438885 
292590 
146295 


AmVer  .175992885 


Multiply  .121 
by   .14 


Anfwer  .01694 


Multiply 
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Multiply  1 2 1.6  by  2.76 


7296 
8512 
2432 


Anfwer  335.616 


Multiply  .0089789  by  1085 
Anfwer  9.7421065 

Multiply  .248723  by  .13587 
Anfwer  .03379399401 

Divifton  of  DECIMALS. 

JIaving  divided  as  In  whole  numbers,  annexing 
cyphers  to  the  dividend  If  they  be  wanted ;  the 
decimal  places  in  the  dlvifor  and  quotient  mufl  be 
equal  to  thofe  in  the  dividend,  and  the  defed  fup- 
plyed  by  prefixing  cyphers  to  the  quotient. 

For  the  dividend  is  a  produft,  contained  under  the 
divifor  and  quotient ;  and  that  product  contains  as 
jnany  places  of  decimals  as  the  numbers  do  from 
whence  It  arofe :  therefore,  the  difference  between 
the  number  of  decimals  in  the  dividend  and  divifor, 
mull  be  cut  oiF  in  the  quotient. 

ExamTples. 

Divide  .144  by  .12 
.12). 144(1.2 


24. 


Divide 
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Divide  63.72413456922  by  2718 

27i8)63.724i3456922(.02344522979 

9364 


12101 


12293 


14214 


6245 
8096 
26609 
21472 
24462 


Anfwer  .02344522979 

There  being  1 1  decimal  figures  in  the  dividend, 
and  none  in  the  divifor,  1 1  figures  are  to  be  cut  off 
in  the  quotient  5  but  as  the  quotient  itfelf  confifts  of 
but  10  figures,  we  prefix  to  them  a  cypher  to  com- 
pleat  that  number. 

Divide  1.728  by  .012 
,012)1.728(144 

48 


8^         DECIMAL    FRACTIONS^ 

Becaufe  the  number  of  decimal  figures  in  the 
divifor  and  dividend,  are  alikcj  the  quotient  will 
be  integers. 

Divide  2.00000  by  3. 141 6 
3.i4i6)2.ooooo(.6366i8 

1 15040 


207920 


194240 

57440 
260240 

8gr2 

There  being  4  decimal  figures  in  the  divifor,  and 
10  including  the  cyphers  brought  down  in  the  di- 
vidend, the  difference,  which  is  6  figures,  to  be 
cut  off  in  the  quotient. 

Divide  87446071  by  .004387. 

Anfwer  199.33. 
Divide  .624672  by  482. 

Anfwer  .001296. 
Divide  66.993548  by  27.4. 

Anfv/er  2.44502. 

P  R  O  B.     I. 

To  reduce  a  Vulgar  Fraction  to  a  Decimal  one  of  the 
fame  Value, 
Having  annexed  a  fufficient  number  of  cyphers 
as  decimals,  to  the  numerator  of  the  vulgar  fradlion, 
divide  by  the  denominator  ;  and  the  quotient  thence 
arifing,  will  be  the  decimal  fraction  required. 

E  X  --i  M  " 


DECIMAL  FRACTIONS. 

Examples. 

Reduce  -I  to  a  decimal  fra£tion» 
4)3.oo(.75  Anlwer.         ■    • 


20 


For  "I  of  one  fliilling,  yard,  perch,  '^c.  Is  equal 
to  one  fourth  of  three  fhillings,  yards,  perches,  i^fc. 
therefore  if  3  be  divided  by  4,  the  quotient  will  be 
the  anfwer. 

Reduce  y  to  a  decimal  fradion. 
5)2.o(.4  Anfwer, 

Reduce  ^  to  a  decimal  fra£llon. 
25)i2.oo(.48  Anfwer- 

200    *• 


Reduce  -VV  ^°  ^  decimal  fradion. 
Anfwer  .1146789. 

P  R  O  B.     II. 

To  jind  the   Value  of  a    'Decimal  Fradion,    in  the 
known  Parts  of  the  Integer. 

Multiply  the  decimal  propofed,  into  the  number 
of  equal  parts  contained  in  the  integer,  and  the 
product  will  be  the  number  of  fuch  parts  as  are  ex- 
prefled  by  the  fradion. 

What's  the  value  of  .25  of  a  pound  fterling  ? 

20 

Anfwer  {hillings     5.00 

C  For 
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For  25  or  -^^  of  one  pound,  is  equal  to  the  one 
hundredth  part  of  25  pounds,  or  of  the  fhilHngs 
in  25  pounds,  which  are  500 ;  therefore  the  one 
hundredth  part  thereof  will  be  5  fhillings ;  which 
is  effefted  by  cutting  off  the  two  cyphers,  for  the 
two  decimals,  by  a  point. 

What's  the  value  of  .385  of  a  pound  fterling? 

20 


Shillings     7.700 


Pence     8.400 
4 


Farthings      1.600 


What's  the  value  of  .48  of  a  chain  of  50  links  I 
50 


Anfwer,  links  24.00 


What's  the  value  of  .2864  of  a  fhilling? 

12 


Pence  2)'43^^ 
4 


Farthings   1.7472 


What's  the  value  of   .287  of  a  pound  weight 

troy  ? 

Oz.    dvvt.      gr. 

Anfwer   3     8     21 

What's 


the  S  Q^U  ARE     ROOT.  ii 

What's  the  value  of  .2945  of  a  pound  avoirdu- 
poife  ? 

Oz.      dwt. 

Anfwer  411^ 


WMIffJWiU'IHBaiEHB^ESaa 


The    EXTRACTION    of  the 
SQ^UARE    ROOT, 

ASQUARE  number  Is  the  produd  of  a  num- 
ber multiplied  by  itfelf ;  and  the  number  fo 
multiplied,  is  called  the  root  of  that  fquare ;  thus 
9  is  the  fquare  of  3,  and  3  is  the  root  of  9,  for  3 
multiplied  by  3  is  9. 

If  a  fquare  number  be  given  to  find  its  root,  ob- 
ferye  if  the  number  of  figures  or  places  in  the  given 
fquare  be  odd  or  even,  if  they  be  odd,  find  the 
root  of  the  firft  figure ;  but  if  they  be  even,  of  the 
two  firfl ;  under  which  place  the  fquare  of  that  root, 
and  deduct,  placing  the  root  in  the  quotient,  and 
bring  down  two  figures  to  the  remainder. 

Let  the  double  of  the  faid  raw:  be  made  a  divifor 
to  all  the  figures  of  that  lad  remainder,  except  the 
laft ;  put  the  quotient  thereof  with  the  root,  or  for- 
mer quotient ;  and  having  multiplied  it  into  the 
numbers  fo  formed,  deduft  the  produft  from  the 
foregoing  figures  or  refolvend :  and  in  like  manner 
{)roceed,  'til  all  the  figures  of  the  givpn  fquare  are 
exhaufted. 

If  there  be  any  decimals  in  the  given  fquare, 
their  number  mufl  be  even,  or  made  fo,  before  we 
begin  to  find  the  root,  by  adding  a  cypher  to  the 
right  hand ;  and  for  every  two  places  of  decimals 
in  the  fquare,  let  one  be  cut  off  in  the  root. 

Exam- 
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Examples. 

I.  What's  the  fquare  root  of  this  fquare  num^ 
ber,  2981 16? 

29,81,16(546 

1 04)48 1 
416 


ip86).65i6 
6516 


Becaufe  the  number  of  figures  in  the  given 
fquare  number  is  even,  we  find  the  neareft  fquare 
number  to  the  two  firfl  figures  29,  which  is  25, 
the  root  whereof,  5,  we  fat  in  the  quotient,  and 
deduft  25  from  29,  and  to  the  refidue  4,  we  annex 
the  following  figures,  81,  fo  we  have  481  for  a  re- 
folvend. 

The  double  of  the  firfl  figure  in  the  quotient 
being  10,  is  then  fet  as  a  divifor  to  48,  all  the  fi- 
gures in  the  refolvend,  but  the  laft ;  and  finding 
it  to  be  contained  4  times,  v/e  annex  the  4  to  the 
divifor  and  quotient ;  the  then  divifor,  1 04,  is 
multiplied  by  the  lafl  figure  in  the  quotient  4, 
and  the  product  416  is  deduded  from  the  refol- 
vend 481,  to  the  refidue  whereof  is  annexed  the 
two  following  figures  in  the  fquare,  fo  we  have 
6516  for  a  nev/  refolvend,  to  all  which  figures 
but  the  lafl  we  make  io8,  the  double  of  54,  the 
figures  in  the  quotient  a  divifor,  and  finding  it 
will  be  contained  6  times,  we  place  6  in  the  di- 
vifor and  quotient;  the  then  divifor  1086  is  mul- 
tiplied by  the  lafl  figure  in  the  quotient  6,  and 
the  product  being   fet    under  the  refolvend  and 

thence 
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thence  deduced,  leaves  nothing:  fo  is  546  the 
rcx)t  fought. 

For  if  the  root  546  be  fquared  or  multiplied 
by  546,  the  produd  will  be  the  fquare  number 
given. 

2.  What  is  the  fquare  root  of  171 0864? 

Root 

1,71,08564(1308  Anfwer. 
I 

23)71 
69 


26o8).2o864 
20864 


What  is  the  fquare  root  of  S^S7'3  • 

Here  being  an  odd  decimal  figure,  we  annex  any 
odd  number  of  cyphers  to  make  the  decimal  places 
even  j  and  then  extrafting  the  root  as  before,  we 
thence  cut  oif  half  the  number  of  decimals  that  we 
have  in  the  fquare.     Thus, 

Root 

3857/300000(62.107  Anfwer, 

122)257 
244 


1241)1330 
1241 


124207)  890000 
869449 


.20551 

ff 
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If  to  the  fquare  of  this  root  we  add  the  remain- 
ing figures  20551,  we  fhall  have  our  given  fquare, 
*rhofe  root  was  required. 

What  is  the  fquare  root  of  16007. 3 104? 
Anfwer  126.52. 

What  is  the  fquare  root  of  348.17320836? 
Anfwer  18.6594. 

What  is  the  fquare  root  of  1 2345678987654321  ? 
Anfwer  miiiiii. 

The  application  of  this  will  hereafter  be  ihewn. 
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EOMETRY    is  that  fcience   wherein  we 
confider  the  properties  of  magnitude. 

2.  A  point  is  that  which  has  no  parts,  being  ^rf 
itfelf  indivifible,  as  A.  ^-         , .-    .: 

3.  A  line  has  length  but  no  breadth,  as  AK.  ;^- 
gures  I  and  2. 

4.  The  extremities  of  a  line  are  points,  as  the 
extremities  of  the  line  AB  are  the  points  A  and  B. 
figures  1  and  2. 

5.  A  right  line  is  the  fhorteft  that  can  be  drawn 
between  any  two  points,  as  the  line  AB.  fig.  I. 
but  if  it  be  not  the  Ihortefl,  it  is  then  called  a 
curve  line,  as  A B,  fig.  2, 

5,  A 
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6.  A  fuperficies  or  furface  is  confidered  only  as 
having  length  and  breadth,  v/ithout  thicknefs,  as 
ABCD.  fig.  3. 

7.  The  extremities  of  a  fuperficies  are  lines. 

8.  The  inclination  of  two  lines  meeting  one 
another  (provided  they  do  not  make  one  continued 
line)  or  the  opening  betv/een  them,  is  called  an 
angle.  Thus  fig.  4.  the  inclination  of  the  line  AB 
to  the  line  BC  meeting  each  other  in  the  point  B, 
or  the  opening  of  the  two  lines  BA  and  BC,  is 
called  an  angle,  as  ABC. 

Note,  When  an  angle  is  expreffed  by  three  let- 
ters, the  middle  one  is  that  at  the  angular 
point. 

10.  When  the  lines  that  form  the  angle  are 
iight  ones,  it  is  then  called  a  right-lined  angle,  as 
ABC.  fig.  4.  If  one  of  them  be  right  and  the 
other  curved,  it  is  called  a  raix'd-angle,  as  B.  fig. 
5.  If  both  of  them  be  curved  it  is  called  a  curved- 
lined  or  a  fpherical  angle,  as  C.  fig.  6* 

11.  If  a  right  fine,  CD  (fig.7)  fall  upon  ano- 
ther right  line,  AB,  fo  as  to  incline  to  neither 
fide,  but  make  the  angles  ADC,  CDB  on  each 
iide  equal  to  each  other,  then  thofe  angles  are 
called  right  angles,  and  the  line  CD  a  perpen- 
dicular. 

12.  An  obtufe  angle  is  that  which  Is  wider  or 
greater  than  a  right  one,  as  the  angle  ADE.  fig. 
7.  and  an  acute  angle  is  lefs  than  a  right  one,  as 
EDB.  fig.  7. 

11,.  Acute 
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13.  Acute  and  obtufe  angles  in  general  are  call- 
ed oblique  angles. 

14.  If  a  right  line  CB.  (fig.  8.)  be  faftened  at 
the  end  C,  and  the  other  end  B,  be  carried  qiiit^ 
round,  then  the  fpace  comprehended  is  called  a 
circle ;  and  the  curve  line  defcribed  by  the  point 
B,  is  called  the  circumference  or  the  periphery  of  the 
circle  j  the  fixed  point  C  is  called  its  center. 

15.  The  defcribing  line  CB.  (fig.  8.)  is  called 
the  femidiameter  or  radius,  or  any  line  from  the 
center  to  the  circumference :  whence  all  radii  of 
the  fame  or  of  eqiial  circles  are  equal. 

1 6.  The  diameter  of  a  circle  is  a  right  line  drawn 
thro*  the  center,  and  terminating  on  either  fide  of 
the  circumference ;  and  it  divides  the  circle  and 
circumference  into  two  equal  parts  called  femicir- 
cles ;  and  is  double  the  radius,  as  AB  or  DE.  fig.  8. 

18.  The  circumference  of  every  circle  is  fup- 
pofed  to  be  divided  into  360  equal  parts  called 
degrees,  and  each  degree  into  60  equal  parts  call- 
ed minutes,  and  each  minute  into  60  equal  parts 
called  feconds,  and  thefe  into  thirds,  fourths,  &c. 
thefe  parts  being  greater  or  lefs  as  the  radius  is. 

1 9.  A  chord  is  a  right  line  drawn  froni  one  end 
of  an  arc  or  arch  (that  is,  any  part  of  the  circum- 
ference of  a  circle)  to  the  other  ;  and  is  the  meafure 
of  the  arc.  Thus  the  right  line  HG,  is  the  mea- 
fure of  the  arc  HBG.  fig.  8. 

20.  The  fegment  of  a  circle  is  any  part  there- 
of, which  is  cut  off  by  a  chord:  thus  the  fpace 
which  is   comprehended  between  the  chord  HG 

D  and 
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and  the  arc  HBG,  or  that  which  Is  comprehend- 
ed between  the  faid  chord  HG  and  the  arc 
HDAEG  are  called  fegments.  Whence 'tis  plain, 
fig.  8. 

1.  That  any  chord  will  divide  the  circle  into 
two  fegments. 

2.  The  lefs  the  chord  is,  the  more  unequal 
are  the  fegments. 

3.  When  the  chord  is  greatefl:  it  becomes  a  di- 
ameter, and  then  the  fegments  are  equal ;  and  each 
fegment  is  a  femicircle. 

21.  A  feftor  of  a  circle  is  a  part  thereof  lefs  than 
a  femicircle,  which  is  contained  between  two  ra- 
dii and  an  arc :  thus  the  fpace  contained  between 
the  two  radii  CH,  CB,  and  the  arc  HB  is  a  fee- 
tor.     Fig.  8. 

22.  The  right  fine  of  an  arc,  is  a  perpendicular 
line  let  fall  from  one  end  thereof,  to  a  diameter 
drawn  to  the  other  end :  thus  HL  is  the  right 
fine  of  the  arc  HB. 

The  fines  on  the  fame  diameter  increafe  till 
they  come  to  the  center,  and  fo  become  the  ra- 
dius:  hence  it  is  plain  that  the  radius  CD  is  the 
greateft  poffible  fine,  and  thence  is  called  the  whole 
fine. 

Since  the  whole  fine  CD.  (fig.  8.)  muft  be  per- 
pendicular to  the  diameter  (by  def.  22.)  therefore 
producing  DC  to  E  the  two  diameters  AB  and  DE 
crofs  one  another  at  right  angles,  and  thus   the 

periphery 
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periphery  is  divided  into  four  equal  parts,  as  BDj, 
DA,  AE,  andEB;  (by  def.  11.)  and  fo  BD  be- 
comes a  quadrant  or  the  fourth  part  of  the  peri- 
phery :  therefore  the  radius  DC  is  always  the 
fine  of  a  quadrant,  or  of  the  fourth  part  of  the 
circle  BD. 

Sines  are  faid  to  be  of  as  many  degrees  as  the 
arc  contains  parts  of  360 :  fo  the  radius  being 
the  fine  of  a  quadrant  becomes  the  fine  of  90 
degrees,  or  the  fourth  part  of  the  circle,  which 
is  360  degrees. 

23.  The  verfed  fine  of  an  arc  is  that  part  of 
the  diameter  that  lies  between  the  right  fine  and 
the  circumference :  thus  LB  is  the  verfed  fine  of 
the  arc  HB.  fig.  8. 

24.  The  tangent  of  an  arc  is  a  right  line  touch- 
ing the  periphery,  being  perpendicular  to  the  end 
of  the  diameter,  and  is  terminated  by  a  line,  drawn 
from  the  center  thro'  the  other  end :  thus  BK  is 
the  tangent  of  the  arc  HB.  fig.   8. 

25.  And  the  line  which  terminates  the  tan- 
gent, that  is,  CK,  is  called  the  fecant  of  the  arc 
HB.  fig.  8. 

26.  What  an  arc  wants  of  a  quadrant  is  call- 
ed the  complement  thereof:  thus  DH  is  the  com- 
plement of  the  arc  HB. 

27.  And  what  an  arc  wants  of  a  femicircle  is 
called  the  fupplement  thereof:  thus  AH  is  the 
fupplement  of  the  arc  HB.  fig.  8. 

28.  The 
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28.  The  fine,  tangent,  or  fecant  of  the  com- 
plement of  any  arc,  is  called  the  co-fme,  cc-tan- 
gent,  or  co-fecant  of  the  arc  itfeif:  thus  fH  is  the 
fine,  DI  the  tangent,  and  CI  the  fecant  of  the 
arc  DH ;  or  they  are  the  co-fme,  co-tangent,  or 
co-fecant  of  the  arc  HB.  fig.  8. 

29.  The  fine  of  the  fupplement  of  an  arc,  is 
the  fame  with  the  fine  of  the  arc  itfeif;  for  draw- 
ing them  according  to  def.  22,  there  refults  the 
felf-fame  line ;  thus  HL  is  the  fine  of  the  arc 
HB,  or  of  its  fupplement  ADH.  fig.  8. 

30.  The  meafure  of  a  right-lined  angle,  is  the 
3,rc  of  a  circle  fwept  from  the  angular  point,  and 
contained  between  the  two  lines  that  form  the 
angle:  thus  the  angle  HCB  (fig.  8.)  is  meafur- 
ed  by  the  arc  HB,  and  is  faid  to  contain  fo  many 
degrees  as  the  arc  HB  does;  fo  if  the  arc  HB 
is  60  degrees,  the  angle  HCB  is  an  angle  of  60 
degrees. 

Hence  angles  are  greater  or  lefs  according  as  the 
arc  defcrib.ed  about  the  angular  point,  and  termi- 
nated by  the  two  legs,  contain  a  greater  or  lefs 
number  of  degrees  of  the  whole  circle. 

31.  The  fine,  tangent,  and  fecant  of  an  arc, 
is  alfo  the  fine,  tangent,  and  fecant  of  an  angle 
whofe  meafure  the  arc  is ;  thus  becaufe  the  arc 
HB  is  the  meafure  of  the  angle  HCB,  and  fince 
HL  is  the  fine,  BK  the  tangent,  and  CK  the 
fecant,  BL  the  verfed  fine,  HF  the  co-fine,  DI 
the  co-tangent,  and  CI  the  co-fecant,  &c.  of  the 
^rc  BH;   then  HL   is   called   the  fine,   BK  the 

tangentj 
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tangent,  CK  the  fecant,  &c.  of  the  angle  HCB, 
whofe  meafure  is  the  arc  HB.  fig.  8. 

32.  Parallel  lines  are  fiich  as  are  equidiflant 
from  each  other,  as  AB,  CD,  fig.  9. 

33.  A  figure  is  a  fpace  bounded  by  a  line  or 
lines.  If  the  lines  be  right  it  is  called  a  refti- 
lineal  figure,  if  curved  it  is  called  a  curvilineal 
figure ;  but  if  they  be  partly  right  and  partly  cur- 
ved lines,  it  is  called  a  mixt  figure. 

34.  The  moll  fimple  redilineal  figure  is  a  trian- 
gle, being  compofed  of  three  right  lines,  and  is 
confidered  in  a  double  capacity ;  i  ft,  with  refpeft 
to  its  fides ;  and  2d,  to  its  angles. 

35.  In  refpeft'to  its  fides  it  is  either  equilateral, 
having  the  three  fides  equal,  as  A.  fig.   10. 

36.  Or  ifofceles,  having  two  equal  fides,  as  B. 
fig.   II. 

37.  Or  fcalene,  having  the  three  fides  unequal, 
as  C.  fig.   12. 

38.  In  refpe61:  to  its  angles,  it  is  either  right- 
angled,  having  one  right  angle,  as  D.  fig.   13.    ' 

•> 

39.  Or  obtufe  angled,  having  one  obtufe  angle, 
as  E,  fig.   14. 

40.  Or  acute  angled,  having  all  the  angles  a- 
cute,  as  F.  fig.   15, 

41.  Acute 
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41.  Acute  and  obtufe  angled  triangles  are  in 
general  called  oblique  angled  triangles,  in  all  which 
any  fide  may  be  called  the  bafe,  and  the  other  two 
the  fides. 

42.  The  perpendicular  height  of  a  triangle,  is 
a  line  drawn  from  the  vertex  to  the  bafe  perpen- 
dicularly:  thus  if  the  triangle  ABC,  be  propo- 
fed,  and  BG  be  made  its  bafe,  then  if  from  the 
vertex  A  the  perpendicular  AD  be  drawn  to  BC, 
the  line  AD  will  be  the  height  of  the  triangle 
ABC,  {landing  on  BC  as  its  bafe.    Fig.   16. 

Hence  all  triangles  between  the  fame  parallels 
have  the  fame  height,  fmce  all  the  perpendiculars 
ai'e  equal  from  the  nature  of  parallels. 

43.  Any  figure  of  four  fides  is  called  a  quadri- 
lateral figure. 

44.  Quadrilateral  figures  whofe  oppofite  fides 
are  parallel,  are  called  parallelograms :  thus 
ABCD  is  a  parallelogram.     Fig.  3.   17.  andAB, 

lig.    18.  and  19. 

4y  A  parallelogram  whofe  fides  are  all  equal 
and   angles  right,  is   called  a  fquare,  as   ABCD. 

46.  A  parallelogram  whofe  oppofite  fides  are 
equal  and  angles  right,  is  called,  a  reftangle  or  an 
oblong,  as  ABCD.  fig.  3. 

47.  A  rhombus  is  a  parallelogram  of  equal  fides, 
Slid  has. its  angles  oblique,  as  A.  fig.  18.  and  is 
an  inclined  fouare. 

48.  A 
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48.  A  rhomboides  is  a  parallelogram  whofe  op- 
pofite  fides  are  equal  and  angles  oblique ;  as  B. 
fig.  19.  and  may  be  conceived  as  an  inclined  reft- 
angle. 

49.  Any  quadrilateral  figure  that  is  not  a  paral- 
lelogram, is  called  a  trapezium.    Plate  7.  fig.   3. 

50.  Figures  which  confift  of  more  than  four 
fides  are  called  polygons  ;  if  the  fides  are  all  equal 
to  each  other,  they  are  called  regular  polygons. 
They  fometimes  are  named  from  the  number  of 
their  fides,  as  a  five-fided  figure  is  called  a  penta- 
gon, one  of  fix  f  des  a  hexagon,  '<^c.  but  if  their 
fides  ai'e  not  equal  to  each  other,  then  they  are 
called  irregular  polygons,  as  an  irregular  pentagon, 
hexagon,  Izfc. 

51.  Four  quantities  are  faid  to  be  in  proportion 
when  the  product  of  the  extremes  is  equal  to  that 
of  the  means  :  thus  if  A  multiplied  by  D,  be  equal 
to  B  multiplied  by  C,  then  A  is  faid  to  be  to  B  as 
C  is  to  D. 

POSTULATES  or  PETITIONS. 

1 .  That  a  right  line  may  be  drawn  from  any  one 
given  point  to  another. 

2.  That  a  right  line  may  be  produced  or  con- 
tinued at  pleafure. 

3.  That  from  any  center  and  with  any  radius, 
the  circumference  of  a  circle  may  be  defcribed. 

4.  It  is  alfo  required  that  the  equality  of  lines 
and  angles  to  others  given,  be  granted  as  pofiible : 

that 
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that  it  is  pollible  for  one  right  line  to  be  per- 
pendicular to  another,  at  a  given  point  or  diftance  5 
and  that  every  magnitude  has  its  half,  third,  fourth, 
'tj'c.  part. 

Note,  Though  thefe  populates  are  not  always 
quoted,  the  reader  will  eafily  perceive  where,  and 
in  what  feiife  they  are  to  be  underftood. 

AXIOMS  or  felf-evident  TRUTHS. 

1.  Things  that  are  equal  to  one  and  the  fame 
thing,  are  equal  to  each  other. 

2.  Every  whole  is  greater  than  its  part. 

3.  Every  whole  is  equal  to  all  its  parts  taken  to- 
gether. 

4.  If  to  equal  things,  equal  things  be  added, 
the  wholes  will  be  equal. 

5.  If  from  equal  things,  equal  things  be  deduc- 
ed, the  remainders  will  be  equal. 

6.  If  to  or  from  unequal  things,  equal  things  be 
added  or  taken,  the  fums  or  remainders  will  be 
unequal. 

7.  Ail  right  angles  are  equal  to  oiie  another. 

8.  If  two  right  lines  not  parallel,  be  produced 
towards  their  neareft  diftance,  they  will  interfect 
each  other. 

9.  Things  which  mutually  agree  v/ith  each  other, 
are  equaL 

NOTES 


GEOMETRY.  25 

NOTES. 

A  theorem  is  a  propofitlon,  wherein  fomething 
IS  propofed  to  be  demonftrated. 

A  problem  is  a  propofition,  wherein  fomething 
is  to  be  done  or  effeded. 

A  lemma  is  fome  demonftration,  previous  and 
neceffary,  to  render  what  follows  the  more  eafy. 

A  corollary  is  a  confequent  truth,  deduced  from 
a  foregoing  demonftration. 

A  fcholium,  is  a  remark  or  obfervation  made  up- 
on fomething  going  before. 

The  Signification  0/'   S  I   G  N  S. 

The  fign  =,  denotes  the  quantities  between 
which  it  llands  to  be  equal.  .   - 

The  fign  + ,  denotes  the  quantity  it  precedes  to 
be  added. 

The  fign  — ,  denotes  the  quantity  which  it  pre- 
cedes to  be  fubtraded. 

The  lign  x ,  denotes  the  quantities  between  them 
to  be  multiplied  into  each  other. 

To  denote  that  four  quantities,  A,  B,  C,  D, 
are  proportional,  they  are  ufually  written  thus, 
A:B::C:D;  and  read  thus,  as  A  is  to  B,  fo  is  G 
to  D ;  but  when  three  quantities  A,  B,  C,  are  pro- 
porrional,  the  middle  quantity  is  repeated,  and  they 
are  written  A:B::B:C. 

E  G  E  -O-         ^ 
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IF  a  right  line  falls  on  another,  as  AB,  or  EBy 
does  on  CD,  (Jig.  10.)  it  either  makes  with  it 
two  right  angles,  or  two  angles  equal  to  two  right 
angles, 

1.  If  AB  be  perpendicular  to  CD,  then  (by  def. 
II.)  the  angles  CBA,  and  ABD,  will  be  each  a 
right  angle. 

2.  But  if  EB  fall  flantwife  on  CD,  then  are  the 
angles  DBE  +  EBC=DBE  +  EBA(=DBA)  + 
ABC,  or  to  two  right  angles.     Q^E.  D. 

Corollary  i.  Whence  if  any  number  of  right 
lines  were  drawn  from  one  point,  on  the  fame 
fide  of  a  right  line ;  all  the  angles  made  by  thefe 
lines  will  be  equal  to  two  right  angles. 

2.  And  all  the  angles  which  can  be  made  about 
a  point,  will  be  equal  to  four  right  angles. 

r  H  E  0. 
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If  one  right  line  crofs  another^  (as  AC  does  BD) 
the  oppofite  angles  made  by  thofe  lines,  will  be  equal  to 
each  other :  that  is  AEB  to  CED  and B EC  to  JED, 
fg,  21. 

By  theorem  i.  BEC  +  CED=  2  right  angles, 
and  CED  +  DEA  =  2  right  angles. 

Therefore  (by  axiom  i.)BEC  +  CED  =  C  JlD  + 
DEA:  take  CED  from  both,  and  there  remain^ 
BEC  =  DEA.  (by  axiom  5.)  Q^  E.  D. 

After  the  fame  manner  CED  +  AED  =  2  right 
angles ;  and  AED + AEB  =  2  right  angles ;  where- 
fore taking  AED  from  both,  there  remains  CED 
=AEB.    Q^E.  D. 

r  H  E  0.    m. 

If  a  right  line  crofs  two  parallels,  as  GH  does 
AB  and  CD.  (fig.  11.)  then, 

1.  7heir  external  angles  are  equal  to  each  other ^ 
that  is  GEB  =  CFH. 

2.  The  alternate  angles  will  be  equal,  that  is  AEF 
=  EFD  and  BEF  =  CFE. 

3.  The  external  angle  will  be  equal  to  the  internal 
and  oppofite  one  on  the  fame  fide,  that  is  GEB  =  EFD 
and  AEG  =  CFE. 

4.  And 
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4.  And  the  fum  of  the  internal  angles  on  the  fame 
ftde,  are  equal  to  two  right  angles  ;  that  is,  BEF  + 
DFE  are  equal  to  two  right  angles,  arid  AEF  +  CFE 
are  equal  to  two  right  angles, 

I.  Since  AB  Is  parallel  to  CD,  they  may  be  con- 
fidered  as  one  broad  line,  croiTed  by  another  line, 
as  GH ;  (then  by  the  laft  theo.)  GEB  ==  CFH,  and 
AEG  =  HFD. 

,  2.  Alfo  GEB  =  AEF,  and  CFH  =  EFD;  but 
GEB  =  CFH  (by  part  i.  of  this  theo.)  therefore 
AEF  =  EFD.  The  fame  way  we  prove  FEB  = 
EFC. 

3.  AEF  =  EFD  ;  (by  the  lafl  part  of  this  theo.) 
but  AEF  =  GEB  (by  theo.  2.)  Therefore  GEB== 
EFD.    The  fame  way  we  prove  AEG  =  CFE. 

4.  For  fmce  GEB  =  EFD,  to  both  add  FEB, 
then  (by  axiom  4.)  GEB+FEB=EFD+FEB,but 
GEB  -f  FEB,  are  equal  to  two  right  angles  (by 
theo.  I.)  Therefore  EFD  +  FEB  are  equal  to 
two  right  angles  :  after  the  fame  manner  we  prove 
that  AEF  i- CFE  are  equal  to  2  right  angles, 
Q^E.  D. 

r  H  £  0.     IV. 

In  any  triangle  ABC,  one  of  its  legs,  as  BC,  being 
produced  towards  D,  it  will  7nake  the  external  angle 
ACD  equal  to  the  two  internal  oppoftte  angles  taken 
together.    Viz.  to  B  and  A.  jig,  23. 

Thr@' 
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Thro'  C,  let  CE  be  drawn  parallel  to  AB ;  then 
fince  BD  cuts  the  two  parallel  lines  BA,  CE;  the 
angle  ECD  =  B,  (by  part  3.  of  the  lafl  theo.) 
and  again,  fince  AC  cuts  the  fame  parallels,  the 
angle  ACE  =  A  (by  part  2.  of  the  laft.)  There- 
fore ECD+ ACE  =ACD=B+ A.     Q.  E.  D. 

THEO.    V, 

In  any  triangle  ABC,  all  the  three  angles  taken 
together  are  equal  to  two  right  angles^  viz.  A  ■\-  B  "^ 
ACB  =  2  right  angles.     Fig.   23. 

Produce  BC  to  any  diflance,  as  D,  then  (by  the 
laft)  ACD  =  B+A;  toboth  add  ACB  ;  then  AC D 
+  ACB  =A  +  B  +  ACB:but  ACD  +  ACB-=2 
right  angles  (by  theo.  i,)  ;  therefore  the  three  an- 
gles A  +  B  +  ACB  =  2  right  angles.     (^  E.  D. 

Cor.  I.  Hence  If  one  angle  of  a  triangle  be 
known,  the  fum  of  the  other  two  is  alfo  known : 
for  fince  the  three  angles  of  every  triangle  con- 
tain two  right  ones,  or  180  degrees,  therefore  180 
— the  given  angle  will  be  equal  to  the  fum  of  the 
other  two  ;  or  180 — the  fum  of  two  given  angles, 
gives  the  other  one. 

Cor.  2.  In  every  right-angled  triangle,  the  two 
acute  angles  are  =  90  degrees,  or  to  one  right  an- 
gle:  therefore  90  —  one  acute  angle,  gives  the 
other. 

THEO. 
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r  H  E  0.     Yl. 

If  in  any  two  triangles,  ABC,  DEF,  there  he  two 
fides  AB,  AC  in  the  one,  federally  equal  to  DE,  DF 
in  the  other,  and  the  angle  A  contained  between  the 
two  fides  in  the  one,  equal  to  D  in  the  other ;  then 
the  remaining  angles  of  the  one,  will  be  fever  ally  equal 
to  thofe  of  ihe  other,  viz.  B  =  E  and  C==F:  and 
the  bafe  of  the  one  BC,  will  be  equal  to  EF,  that  of  the 
other.     Fig.  24. 

If  th€  triangle  ABC  be  fuppofed  to  be  laid  on 
the  triangle  DEF,  fo  as  to  make  the  points  A 
and  B  coincide  with  D  and  E,  which  they  will  do, 
becaufe  AB  =  DE  (by  the  hypothefis)  j  and  fince 
the  angle  A  =  D,  the  line  AC  will  fail  along  DF, 
and  inafmuch  as  they  are  fuppofed  equal,  C  will 
fall  in  F ;  feeing  therefore  the  three  points  of  one 
coincide  with  thofe  of  the  other  triangle,  they  are 
manifeflly  equal  to  each  other ;  therefore  the  angle 
B==E  and  C  =  F,  and  BC  =  EF.     (^  E.  D. 

LEMMA. 

If  two  fides  of  a  triangle  abc  be  equal  to  each  other y, 
that  is  ac  =  cb  ;  the  angles  which  are  oppofite  to  thofe 
equal  fides,  will  alfo  be  equal  to  each  other  ;  viz.  a  =^b. 

For  let  the  triangle  abc  be  divided  into  two 
triangles  acd,  deb,  by  making  the  angle  acd  = 
deb  (by  poftulate  4.)  then  becaufe  ac  =  bc,  and 
cd  common,  (by  the  laft)  the  triangle  adc  =  deb  \ 
iind  therefore  the  angle  a  =  b.     O.  E.  D. 

Cor. 
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Cor.  Hence  if  from  any  point  in  a  perpendi- 
cular which  bife^ts  a  given  line,  there  be  drawn 
right  lines  to  the  extremities  of  the  given  one, 
they  with  it  will  form  an  ifofceles  triangle. 

T  H  E  0.     VII. 

The  angle  BCD  at  the  center  of  a  circle  ABED, 
is   double    the    angle    BAD    at   the    circumference, 
Jianding  upon  the  fame  arc  BED.  fg.  25. 

Through  the  point  A,  and  the  center  C,  draw 
the  line  ACE:  then  the  angle  ECD  =  CAD  + 
CD  A;  (  by  theo.  4.)  but  fmce  AC  =  CD  being 
radii  of  the  fame  circle,  it  is  plain  (by  the  pre- 
ceding lemma)  that  the  angles  fubtended  by  them 
will  be  alfo  equal,  and  that  their  fum  is  double  to 
either  of  them,  that  is,  DAC  +  ADC  is  double  to 
CAD,  and  therefore  EC  D  is  double  to  CAD;  af- 
ter the  fame  manner  BCE  is  double  to  CAB, 
wherefore,  BCE-j-ECD,  or  BCD  is  double  to 
BAC  +  CAD  or  to  BAD.     Q^  E.  D. 

Cor.  I.  Hence  an  angle  at  the  circumference  is 
meafured  by  half  the  arc  it  fubtends  or  ftands  on. 

Cor.  2.  Hence  all  angles  at  the  circumference 
of  a  circle  which  (land  on  the  fame  chord  as  AB, 
are  equal  to  each  other,  for  they  are  all  meafured 
by  half  the  arc  they  Hand  on,  -u/z.  by  half  the 
arc  AB.  fig.  26. 

Cor. 
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Cor.  3.  Hence  an  angle  in  a  fegment  greater 
than  a  femicircle  is  iefs  than  a  right  angle ;  thus 
ADB  is  meafured  by  half  the  arc  AB,  but  as  the 
arc  AB  is  Iefs  than  a  femicircle,  therefore  half 
the  arc  AB,  or  the  angle  ADB  is  Iefs  than  half  a 
femicircle,  and  confequently  Iefs  than  a  right  an- 
gk.     Fig.   26. 

Cor.  4.  An  angle  in  a  fegment  Iefs  than  a  fe- 
micircle, is  greater  than  a  right  angle,  for  lince  the 
arc  AEC  is  greater  than  a  femicircle,  its  half, 
which  is  the  meafure  of  the  angle  ABC,  muft  be 
greater  than  half  a  femicircle,  that  is  greater  than. 
2.  right  angle.     Fig.  27. 

Cor.  5.  An  angle  in  a  femicircle  is  a  right  an- 
gle, for  the  meafure  of  the  angle  ABD,  is  half 
of  a  femicircle  AED,  and  therefore  a  right  angle. 

Fig.  28. 

T  H  E  0.     YllL 

If  from  the  center  C  of  a  circle  ABE  ^  there  he  let 
fall  the  perpendicular  CD  on  the  chord  AB,  it  will 
bfe^  It  in  the  poi7it  D.  jig,   29. 

Let  the  lines  CA  and  CB  be  drawn  from  the 
center  to  the  extremities  of  the  chord,  then  fmce 
CA  =  CB,  the  angle  CAB  =  CBA  (by  the  lem- 
ma.) But  the  triangles  ADC,  BDC  are  right  an- 
gled ones,  fince  the  line  CD  is  a  perpendicular ; 
;iiid  fo  the  angle  ACD-=DCB;  (by  cor.  2.  theo. 
5.)  then  have  we  AC,  CD,  and  the  angle  ACD  in 
one  triangle;  feverally  equal  to  CB,  CD,  and  the 
angle  BCD  in  the  other:  therefore  (bv  theo.  6.) 
AD-=DB.     q.  E.  D. 

So 
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Cor.  Hence  It  follows,  that  any  line  bifedling 
a  chord  at  right  angles,  is  a  diameter ;  for  a 
liile  drawn  from  the  center  perpendicular  to  a 
chord,  bifeds  that  chord  at  right  angles ;  there- 
fore, converfely,  a  line  bife£ting  a  chord  at  right 
angles  muft  pafs  through  the  center,  and  corife-' 
quently  be  a  diameter. 

t  H  E  0.     IX; 

If  from  the  center  of  a  circle  ABE  there  he  drawn 
a  perpendicular  CD  on  the  chord  AB,  and  produced 
till  it  meets  the  circle  in  F,  that  line  CF,  will  bifeH 
the  arc  AB  in  the  point  F.  Jig.  29. 

Let  the  lines  AF  and  BF  be  drawn,  then  in  the 
triangles  ADF,  BDF;  AD  =  BD  (by  the  laft;) 
DF  is  common,  and  the  angle  ADF  =  BDF  being 
both  right,  for  CD  or  DF  is  a  perpendicular. 
Therefore  (by  theo.  6*)  AF  =  FB;  but  in  the 
fame  circle,  equal  lines  are  chords  of  equal  arcsj 
fmce  they  meafure  them  (by  def.  1 9.) ;  whence 
the  arc  AF  =  FB,  and  fo  AFB  is  bifeded  in  F, 
by  the  line  CF; 

Cor.  Hence  the  fine  of  an  arc  is  half  the 
chord  of  twice  that  arc.  For  AD  is  the  fine  of 
the  arc  AF,  (by  def.  22.)  AF  is  half  the  arc, 
and  AD  half  the  chord  AB  (by  theo.  8.)  there- 
fore the  cor.  is  plain. 

F  THEO. 
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In  any  triangle  ABD,  the  half  of  each  fide  is  the 
fine  of  the  oppofite  angle.     Fig.  30. 

Let  the  circle  ADB  be  drawn  thro'  the  points 
A,  B,  D ;  then  the  angle  DAB  is  meafured  by 
half  the  arc  BKD,  (by  cor.  i.  theo.  7.)  viz.  the 
chord  of  BK  is  the  meafure  of  the  angle  BAD  ; 
therefore  (by  cor.  to  the  laft)  BE  the  half  of  BD 
is  the  fine  of  BAD:  the  fame  way  may  be  proved, 
that  half  of  AD  is  the  fine  of  ABD,  and  the 
half  of  AB  the  fine  of  ADB.     q^  E.  D. 

THEO.     XL 

If  a  right  line  GH  cut  two  other  right  lines 
AB,  CD\  fo  as  to  make  the  alternate  angles  AEF, 
EFD  equal  to  each  other,  then  the  lines  AB  and 
CD  will  be  parallel.     Fig.  11. 

If  it  be  denied  that  AB  is  parallel  to  CD,  let 
IKbe  parallel  to  it ;  thenIEF=(EFD)=AEF(by 
part  2.  theo.  3.)  a  greater  to  a  lefs,  which  is  ab- 
furd,  whence  IK  is  not  parallel ;  and  the  like  we 
can  prove  of  all  other  lines  but  AB;  therefore 
AB  is  parallel  to  CD.     Q^  E.  D. 

THEO.     XII. 

If  two  equal  and  parallel  lines  A  JB,  CD,  be  joined 
ly  two  other  lines  AD,  BC,  thofe  fhall  be  alfo  equal 
and  tarallel.     Fig.  3. 

Let 


THEOREMS.  '35 

Plate  I. 

Let  the  diameter  or  diagonal  BD  be  drawn,  arid 
we  will  have  -the  two  triangles  ABD,  CDB ; 
whereof  AB  in  one  is  =  to  CD  in  the  other,  DB 
common  to  both,  and  the  angle  ABD  =  CDB  (by 
part  2.  theo.  3.)  ;  therefore  (by  theo.  6.)  AD  =  CB^ 
and  the  angle  CBD  =  ADB,  and  thence  the  lines 
AD  andBC  are  parallel,  by  the  preceding  theorem. 

Cor.  I.  Hence  the  quadrilateral  figure  ABCD 
is  a  parallelogram,  and  the  diagonal  BD  bifeds 
the  fame,  inafmuch  as  the  triangle  ABD  =  BDC, 
as  now  proved. 

Cor.  2.  Hence  alfo  the  triangle  ADB  on  the 
fame  bafe  AB,  and  between  the  fame  parallels  with 
the  parallelogram  ABCD,  is  half  the  parallelogram. 

Cor.  3.  It  is  hence  alfo  plain,  that  the  oppo- 
fite  fides  of  a  parallelogram  are  equal ;  for  it  has 
been  proved  that  ABCD  being  a  parallelogram, 
AB  will  be  =  CD  and  AD=BC. 

THEO.   xm. 

All  parallelograms  en  the  fame  or  equal  bafes  and 
between  the  fame  parallels,  are  equal  to  one  another, 
that  is,  ifBD  =  GH,  and  the  lines  BH  and  AF paral- 
lel, then  the  parallelogram  ABD  C=BDFE=EFHG. 

h'  31- 

For  AC  =  DB  =  EF  (by  cor.  the  laft; )  to  both 
add  CE,  then  AE  =  CF.  In  the  triangles  ABE, 
CDF;  AB==CD  and  AE  =  CF  and  the  angle 
BAE  =  DCF  (by  part  3.  theo.  3.)  ;  therefore  the 
triangle  ABE  =  CDF.  (by  theo.  6.)  let  the 
triangle  CKE  be  taken  from  both,  and  we  will 

have 
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have  the  trapezium  ABKC  =KDFE;  to  each  of 
thefe  add  the  triangle  BKD,  then  the  parallelo- 
gram ABCD  =  BDEF;  in  like  manner  we  may 
prove  the  parallelogram  EFGH  =  BDEF.  Where- 
fore ABDC  =  BDEF=  EFHG.     Q^E.  D. 

Cor.  Hence  it  is  plain  that  triangles  on  the 
fame  or  equal  bafes,  and  between  the  fame  paral- 
lels, are  equal,  feeing  (by  cor.  2.  theo.  12.)  they 
are  the  halves  of  their  refpedtive  parallelograms. 

THEO.     XIV. 

In  every  right-angled  triangle ^  ABC,  the  fquare  of 

the  hypothenufe  or  kngeji  fide,  BC,  or  BCMH,  is 

equal  to  the  fujn  of  the  fquare s  made  on  the  other  tzvo 

fides  AB  and  AC,  that  is,  to  ABBE  and  ACGF, 

Through   A   draw    AKL   perpendicular  to    the 

hypothenufe    BC,     join     AH,     AM,     DC     and 

BG;  in  the  triangles  BDC,  ABH,    BD==BA, 

being     fides     of     the     fame     fquare,     and     alfo 

BC  =  BH,  and  the  included  angb  DBC  =  ABH, 

(for  DBA==CBH  being  both  right,  to  both  add 

ABC,  then  DBC  =  ABH)  therefore  the  triangle 

DBC  =  ABH  (by  theo.  6.)  but  the  triangle  DBC 

is  half  of  the  fquare  ABDE  (by  cor.  2.  theo.   12.) 

and  the   triangle  ABH  is  half  the  parallelogram 

BKLH  (by  the  fame;)  therefore  half. the  fquare 

ABDE  is  equal  to  half  the  parallelogram  BKLH, 

and  the  fquare  ABDE  equal  to  the  parallelogram 

BKLH.     'Ihe  fame  way  it  may  be  proved,  that 

th^  fquare  ACGF,  is  equal  to  the  parallelogram 

KCLM.     So   ABDE  +  ACGF   the  fum  of   the 

fquares. 
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fquares,  ==  BKLH  +  KCML,  the  fum  of  the  two 
parallelograms  or  fquare  BCMH;  therefore  the 
fum  of  the  fquares  on  AB  and  AC  is  equal  to  the 
fquare  on  BC.     Q.  E.  D. 

Cor.  I.  Hpnce  the  hypothenufe  of  a  rights 
angled  triangle  may  be  found  by  having  the  legs  ; 
thus,  the  fquare  root  of  the  fum  of  the  fquares 
of  the  bafe  and  perpendicular,  will  be  the  hypo-^ 
thenufe. 

Cor.  2.  Having  the  hypothenufe  and  one  leg 
given  to  find  the  other ;  the  fquare  root  of  the 
difference  of  the  fquares  of  the  hypothenufe  and 
given  leg,  will  be  the  required  leg, 

THE  0,     XV. 

In  all  circles  the  chord  of  60  degrees  is  always 
equal  in  length  to  the  radius. 

Thus  in  the  circle  AEBD,  if  the  arc  AEB  be  an 
arc  of  60  degrees,  and  the  chord  AB  be  drawn; 
then  AB^CB  =  AC.  (fig.  ^2>-J 

In  the  triangle  ABC,  the  angle  AC B  is  60  de- 
grees, being  meafured  by  the  arc  AEB  ;  therefore 
the  fum  of  the  other  two  angles  is  120  degrees 
(by  cor.  i.  theo.  5.)  but  fmce  AC  =  CB,  the  an- 
gle CAB  =  CBA  (by  lemma  preceding  theo.  7.) 
confequently  each  of  them  will  be  60,  the  half  of 
120  degrees,  and  the  three  angles  will  be  equal  to 
one  another,  as  v/ell  as  the  three  fides :  j^herefore 
AB  =  BC  =  AC.     (^E.  D. 

Cor. 
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Cor.  Hence  the  radius,  from  whence  the  lines 
on  any  fcale  are  formed,  is  the  chord  of  60  de^ 
grees  on  the  Hne  of  chords. 

r  H  E  0.     XVI. 

^  in  two  triangles  ABC,  abc,  all  the  angles  of 
snCy  be  each  refpeSlively  equal  to  all  the  angles  of  the 
Gther,  that  is,  A==  a^  B  =  b,  C=  c  :  then  the  legs  op- 
pofite  to  the  equal  angles  will  be  proportional,  'viz. 

AB  :  ab  :  :  AC  :  ac  Fig.  34. 

AB  :  ab  :  :  BC  :  be 
(ind  AC  :  ac  :  :  BC  :  bc 

For  the  triangles  being  infcribed  in  two  circles, 
it  is  plain  fmce  the  angle  A  =a,  the  arc  BDC  = 
bdc,  and  confequently  the  chord  BC  is  to  bc,  as 
the  radius  of  the  circle  ABC  is  to  the  radius  of 
the  circle  abc ;  (for  the  greater  the  radius  is,  the 
^eater  is  the  circle  defcribed  by  that  radius ;  and 
confequently  the  greater  any  particular  arc  of  that 
circle  is,  fo  the  chord,  fine,  tangent,  ^c.  of 
that  arc  will  be  alfo  greater.  Therefore,  in  gene- 
ral, the  chord,  fme,  tangent,  b'f.  of  any  arc 
is  proportional  to  the  radius  of  the  circle ;)  the 
fame  way  the  chord  AB  is  to  the  chord  ab,  in 
the  fame  proportion.  So  AB  :  ab  :  :  BC  :  bc ;  the 
fame  way  the  reft  may  be  proved  to  be  proper.; 
tional. 

T  H  E  0.     XVII. 

If  from  a  point  A  without  a  circle  DBCE  there 
be  drawn  two  lines  ADE,  ABC,  each  of  them  cut- 
ting the   circle  in   two  points ;    the  product  of  one 

whole 
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whole  line  into  its  external  part,  viz,  AC  into  A B, 
will  be  equal  to  that  of  the  other  line  into  its  exter- 
nal part,  viz.  AE  into  AD.  Jig.  35. 

Let  the  lines  DC,  BE  be  drawn  In  the  two  tri- 
angles ABE,  ADC  ;  the  angle  AEB=  ACD,  (by 
cor.  2.  theo.  7.)  the  angle  A  is  common,  and  (by 
cor.  I.  theo.  5.)  the  angle  ADC  =  ABE  ;  therefore 
the  triangles  ABE,  ADC,  are  mutually  equiangu- 
lar, and  confequently,  (by  the  laft)  AC  :  AE  :  :  AD  : 
AB  ;  wherefore  AC  multlpHed  by  AB,  will  be  equal 
to  AE  multiplied  by  AD.     (^  E.  D. 

THEO.    xvin. 

Plate,  n.  fig.   I. 

Triangles  ABC,  BCD,  and  parallelograms  ABCE, 
and  BDEC,  having  the  fame  altitude,  have  the  fame 
proportion  between  themf elves  as  their  bafes  AB  andBD. 

Let  any  aliquot  part  of  AB  be  taken,  which  wiH 
alfo  meafure  BD :  fappofe  that  to  be  Ag,  which 
will  be  contained  twice  in  AB,  and  three  times 
in  BD,  the  parts  Ag,  gB,  Bh,  hi,  andiD  being 
all  equal,  and  let  the  lines  gC,  hC,  and  iC,  be 
drawn:  then  (by  cor.  to  theo.  13.)  all  the  fmail 
triangles  AgC,  gCB,  BCh,  ^r.  will  be  equal  to 
each  other ;  and  will  be  as  many  as  the  parts  into 
which  their  bafes  were  divided :  therefore  it  will 
be  as  the  fum  of  the  parts  in  one  bafe,  is  to  the 
fum  of  thofe  in  the  other,  fo  will  be  the  fum  of  the 
fmall  triangles  in  the  firft,  to  the  fum  of  the  fmall 
triangles  in  the  fecond  triangle ;  that  is,  AB  :  BD 
:  :  ABC  :  BDC. 

Whence 
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Whence  alfo  the  parallelograms  ABCF  and 
BDEG,  being  (by  cor.  2.  theo.  12.)  the  doubles  of 
the  triangles,  are  likewife  as  their  bafes.    Q^  E.  D. 

Note.  Wherever  there  are  feveral  quantities 
connefted  with  the  fign  :  :  the  conclufion  is  al- 
ways drawn  from  the  firfl  two  and  lail  two  pro- 
portionals. 

THEO.     XIX. 

Triangles  ABC,  DEF,  Jlanding  upon  equal  bafes 
AB  and  DE,  are  to  each  other  as  their  altitudes  CG 
and  FH.  Jig.  1. 

Let  BI  be  perpendicular  to  AB  and  equal  to  CG, 
in  which  let  KB  =  FH,  and  let  A I  and  AK  be 
drawn. 

The  triangle  AIB  =  ACB  (by  cor.  to  theo.  13.) 
and  AKB  =  DEF;  but  (by  theo.  18.)  BI  :  BK  :  : 
ABI  :  ABK.  That  is,  CG  :  FH  :  :  ABC  :  DEF. 
Q.  E.  D. 

THEO.     XX. 

If  a  right  line  BE  be  drawn  parallel  to  one  fide 
of  a  triangle  ACD,  it  will  cut  the  two  other  fides 
proportionally,  "jiz.  AB  :  EC  :  :  AE  :  ED.    fig.  3. 

Dr^w  CE  and  BD  ;  the  triangles  BEC  and  EBD 
being  on  the  fame  bafe  BE  and  under  the  fame  paral- 
lel CD,  will  be  equal  (by  cor.  to  theo.  13.)  there- 
fore (by  theo.  18.)  AB  :  BC  :  :  (BE A  :  BEC  or 
BEA  :  BED)  :  :  AE  :  ED.     Q.  E.  D, 

^  Cor. 


THEOREMS.  4i 

3Plate  IL 

Cor.  i.  Hence  alfo  AC  :  AB  :  :  AD  :  AE  : 
For  AC  :  AB  :  :  (AEC  :  AEB  :  :  ABD  :  AEB) 
:  :  AD  :  AE. 

Cor.  2.  It  alfo  appears  that  a  right  line,  which 
divides  two  fides  of  a  triangle  proportionallyj 
mufl  be  parallel  to  the  remaining  fide. 

Cor.  3.  Hence  alfo  theo.  16.  is  manifefl;  fince 
the  fides  of  the  triangles  ABE,  A  CD,  being  equi- 
angular, are  proportional, 

THE  0.     XXI. 

If  two  triangles  ABC,  AD  EJjavc  one  angle  BAC,  in 

one,  equal  to  one  angle  DAE,  in  the  other,  and  the 

jides  about  the  equal  angles,  proportional,  that  is,  AB  : 

AD  :  :  AC  :  AE,  then  the  triangles  will  be  mittually 

-equiangular.     Fig.  4. 

In  AB  take  Ad  ==  AD,  and  let  de  be  parallel  to 
BC,  meeting  AC  in  e. 

Becaufe  (by  the  firft  cor.  to  the  foregoing  theo.) 
AB  :  Ad  :  :  (AD)  AC  :  Ae,  and  (by  the  hypo- 
thefis,  or  what  is  given  in  the  theorem)  AB  :  AD  : 
AC  :  AE ;  therefore  Ae  =  AE  feeing  AC  bears 
the  fame  proportion  to  each ;  and  (by  theo.  6.) 
the  triangle  Adc  =  ADE,  therefore  the  angle 
Ade  =  D  and  Aed  =  E,  but  fmce  ed  and  BC  are 
parallel  (by  part  3.  theo.  3.)  Ade  =i  B,  and  Aed  = 
C,  therefore  B  ~  D  and  C  =  E.     (^  E.  D. 

G  THEO. 
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T  H  E  0.     XXII. 

Equiangular  triangles  ABC,  DEF,  are  io  one  ano- 
ther in  a  duplicate  proportion  of  their  homologous 
or  like  fides  ;  or  as  the  fquares  AK,  and  D  M  of  their 
homologous  fides.     Fig.  5. 

Let  the  perpendiculars  CG  and  FH  be  drawn, 
as  well  as  the  diagonals  BI  and  EL. 

The  perpendiculars  make  the  triangles  ACG 
and  DFH  equiangular,  and  therefore  fimilar  (by; 
theo.  16.)  for  becaufe  the  angle  CAG  =  FDH 
and  the  right  angle  AGC  =  DHF,  the  remaining 
angle  ACG  =  DFH,  (by  cor.  2.  theo.  5.) 

Therefore  GC  :  FH  :  :  (AC  :  DF  :  :)  AB  :  DE, 
or  which  is  the  fame  thing,  GC  :  AB  :  :  FH  :  DE, 
for  FH  multiplied  by  AB  =  AB  multiplied  by  FH. 

By  theo.  19.  ABC  :  ABI  : :  (CG  :  AI  or  AB 
as  before  :  :  FH  DE  or  DL  :  :)  DFE  :  DLE, 
.  therefore  ABC  :  ABI  :  :  DFE  :  DLE  or  ABC  : 
AK  :  :  DFE  :  DM,  for  AK  is  double  the  trian- 
gle ABI,  and  DM  double  the  triangle  DEE,  by 
cor.  2.  theo.  12.     Q^  E.  D. 

THEO.     XXIII. 

Like  polygons  ABODE,  abcde,  are  in  a  duplicate 
proportion  to  that  of  the  fides  AB,  ah,  which  are  be- 
tween the  equal  angles  A  and  B,  and  a  and  b,  or  as  the 
fquares  of  the  fides  AB,  ab.  fg.  6. 

Draw  AD,  AC,  ad,  ac. 

By 
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;By  the  hypothefis  AB  :  ab  :  :  BC  :  be,  and  there- 
by alfo  the  angle  B  =  b;  therefore  (by  theo.  21.) 
BAC  =  bac;  and  ACB  =  acb;  in  like  manner ' 
E  AD  =  ead,  and  ED  A  =  eda.  If  therefore  from 
the  equal  angles  A,  and  a,  we  take  the  equal  ones 
EAD  +  BAG  =  ead  +  bac  the  remaining  angle 
DAG  =  dac,  and  if  from  the  equal  angles  D  and  d, 
EDA  =  edabe  taken,  we  Ihall  have  ADG  =  adc  : 
and  in  like  manner  if  from  G  and  c  be  taken 
BC  A  =  bca  we  fhall  have  AGD  =  acd ;  and  fo  the 
refpeftive  angles  in  every  triangle,  will  be  equal 
to  thofe  in  the  other. 

By  theo.  22.  ABC  :  abc  : :  the  fquare  of  AC  to 
the  fquare  of  ac,  and  alfo  ADG  :  adc  : :  the  fquare 
of  AC,  to  the  fquare  of  ac ;  therefore  from  equa- 
lity of  proportions  ABC  :  abc  :  :  ADC  :  adc,  in 
like  manner  we  may  Ihew  that  ADC  :  adc  :  EAD  : 
ead:  Therefore  it  will  be  as  one  antecedent  is 
to  one  confequent,  fo  are  all  the  antecedents  to 
all  the  confequents.  That  is,  ABC  :  abc  as  the  fum 
of  the  three  triangles  in  the  firft  polygon,  is  to 
the  fum  of  thofe  in  the  laft.  Or  ABC  will  be  to 
abc,  as  polygon  to  polygon. 

The  proportion  of  ABC  to  abc  (by  the  forego- 
ing theo.)  is  as  the  fquare  of  AB  is  to  the  fquare 
of  ab,  but  the  proportion  of  polygon  to  polygon,  is 
as  ABC  to  abc,  as  now  {hewn:  therefore  the  pro- 
portion of  polygon  to  polygon  is  as  the  fquare  of 
AB  to  the  fquare  of  ab. 

THEO, 
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T  H  E  0.     XXIV. 

Let  DHB  be  a  quadrant  of  a  circle  defcrihed  hy- 
the  radius  CB ;  HE  an  arc  of  it,  and  DH  its  coni' 
p  lenient ;  HL  or  FC  the  fine  ^  FH  or  CL  its  cdfine  ; 
BK  its  tangent,  DI  its  co-tangent ;  CK  its  fecant, 
and  CI  its  cofecant.     Fig.  8. 

1.  The  co-fine  of  an  arc  is  to  the  fine,  as  ra-. 
dius  is   to  the  tangent. 

2.  Radius  is  to  the  tangent  of  an  arc,  as  the  co- 
fme  of  it  is  to  the  fine. 

3.  Th3  fine  of  an  arc  is  to  its  co-fine,  as  radi^ 
V-S  to  its  co-tangent. 

4.  Or  radius  is  to  the  co-tangent  of  an  arc,  as 
its  fine  to  its  co-fine. 

5.  The  co-tangent  of  an  arc  is  to  radius,  as  ra^ 
dius  to  the  tangent, 

6.  The  co-fine  of  an  arc  is  to  radius,  as  radius 
is  to  the  fecant. 

7.  The  fme  of  an  arc  is  to  radius,  as  the  tan- 
gent is  to  the  fecant. 

The  triangles  CLH  and  CBK,  being  fimilar, 
(by  theo.   16.) 

1.  CL  :  LH  :  :  CB  :  BK. 

2.  Or,  CB  :  BK  :  :  CL  :  LH. 

The 
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The  triangles  CFH  and  GDI,  being  fimilar. 

3.  CF  (or  LH)  :  FH  :  :  CD  :  DI. 

4.  CD  :  DI  :  :  CF  (or  LH)  :  FH. 

The  triangles  CDI  and  CBK  are  fimilar;  for 
the  angle  CID  =  KCB,  being  alternate  ones  (by 
part  2.  theo.  3.)  the  lines  CB  and  DI  being  pa- 
rallel:  the  angle  CDI  =  CBK  being  both  right, 
and  confequently  the  angle  DCI  =  CKB,  where- 
fore, 

5.  DI  :  CD  :  :  CB  :  BK. 

And  again,  making  ufe  of  the  fimilar  triangles 
CLH  and  CBK. 

6.  CL  :  CB  :  :  CH  :  CK. 
;,  HL  :  CH  :  BK  :  CK. 
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PROBLEM    L 
Plate  II. 

TO  make  a   triangle  of  three  given  right  lines 
BO,   LB,  LO,    of  which   any   two  muji    be. 
greater  than  the  third.     Fig.  7. 

Lay  BL  from  B  to  L  ;  from  B  with  the  line  BO, 
defcribe  an  arc,  and  from  L  with  LO  defcribe  ano- 
ther arc ;  from  O,  the  interfedion  point  of  thofe 
arcs,  draw  BO  and  OL,  and  BOL  is  the  trian- 
gle required. 

This  is  manifefl  from  the  conflrudion. 

PROS.     II. 

At  a  point  B  in  a  given  right  line  BC,  to  tnake  an 
angle  equal  to  a  given  angle   A.  fig.  8. 
t 

Draw  any  right  line  ED  to  form  a  triangle,  as 
HAD,  take  BF  =  AD,  and  upon  BF  make  the  tri- 
angle BFG,  whofe  fide  BG  =  AE,  and  GF  =  ED 
(by  the  laft)  then  alfo  the  angle  B  =  A ;  if  we 
iiippofe  one  triangle  be  laid  on  the  other,  the  fides 
will  mutually  agree  with  each  other,  and  therefore 
be  equal ;  for  if  v/e  confider  tliefe  two  triangles  are 
made  of  the  fame  given  three  lines,  they  are  ma- 
nifeftly  one  and  the  fame  triangle,.. 

Otherwife, 

Upon 
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Upon  the  ceitf^s  A  and  B,  at  any  diftance,  let 
two  arcs,  DE,  FG,  be  defcribed;  make  the  arc 
FG  =  DE,  and  thro'  B  and  G  draw  the  line  BG, 
and  it  is  done. 

For  fince  the  chords  ED,  GF,  are  equal,  the 
angles  A  and  B  are  alfo  equal,  as  before  (by 
def.   19.) 

PROS.   m. 

To  bifeSl  or  divide  into  two  equal  parts,  any  given 
right-lined  angle,  BAG,  fg.  9. 

In  the  Hnes  AB  and  AC,  from  the  point  A  fdt 
off  equal  diftances  AE  =  AD,  then,  with  any  dif- 
tance more  than  the  half  of  DE,  defcribe  two  arcs 
to  cut  each  other  in  fome  point  F ;  and  the  right- 
line  AF,  joining  the  points  A  and  F,  will  bifeS: 
the  given  angle  BAG. 

For  if  DF  and  FE  be  drawn,  the  triangles 
ADF,  AEF,  are  equilateral  to  each  other,  viz.  AD 
=  AE,  DF  =  FE,  and  AF  common,  wherefore 
DAF  =  EAF,  as  before. 

P  R  0  B.     IV. 

To  bifeSl  a  right  line,  AB.  Jig.   10. 

"With  any  diftance,  more  than  half  the  line,  from 
A  and  B,  defcribe  two  circles  CFD,  CGD,  cut- 
ting each  other  in  the  points  C  and  D  j  draw  CD, 
interfering  AB  in  E,  then  AE  ==  EB. 

For 
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For,  if  AC,  AD,  BC,  BD,  be  drawn;  the  tri- 
angles A  CD,  BCD,  will  be  mutually  equilateral, 
and  confequently  the  angle  ACE  =  BCE:  there- 
fore the  triangle  ACE,  BCE,  having  AC  =  BC, 
CE  common,  and  the  angle  ACE  =  BCE  j  (by 
theo.  6.)  the  bafe  AE  =  the  bafe  BE. 

Cor.  Hence  it  is  manifeft,  that  CD  not  only  bi- 
feds  AB,  but  is  perpendicular  to  it.     (By  def.  1 1*) 

P  R  0  B.     V. 

On  a  given  point  J,  in  a  right  line  EF,  to  erecl  a 
perpendicular.     Fig.   ii. 

From  the  point  A  lay  off  on  each  fide,  the  equal 
diftances,  AC,  AD ;  and  from  C  and  D,  as  cen- 
ters, with  any  interval  greater  than  AC  or  AD, 
defcribe  two  arcs  interfeding  each  other  in  B^ 
from  A  to  B  draw  the  line  AB,  and  it  will  be  the 
perpendicular  required. 

For,  let  CB,  and  BD  be  drawn ;  then  the  tri- 
angles CAB,  DAB,  will  be  mutually  equilateral 
and  equiangular,  fo  CAB  ==  DAB,  a  right  angle, 
(by  def.   1 1 .) 

P  R  0  B.     VI. 

To  raife  a  perpendicular  on  the  end  B  of  a  right 
line  AB.  Jig.   12. 

From  any  point  D  not  in  the  line  AB,  with  the 
diftance  from  D  to  B,  let  a  circle  be  defcribed  cut- 
ting AB  inE  ;  draw  from  E  thro'  D  the  right  line 
EDC,  cutting  the  periphery  in  C,  and  join  CB; 
and  that  is  the  perpendicular  required.  _ 
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EBCbeinga  lemicircle,  the  angle  EBC  will  be 
a  right  angle  (by  cor.  5.  theo.  7.) 

P  R  0  B.     VIL 

From  a  given  point  A^  to  let  fall  a  perpendiculat 
upon  a  given  right  line  BC*  Jig.    13. 

From  any  point  D,  in  the  given  line,  take  the 
diftance  to  the  given  point  A,  and  with  it  defcribe 
a  circle  AGE,  make  GE  =  AG,  join  the  points. 
A  and  E,  by  the  line  AFE,  and  AF  will  be  the 
perpendicular  required. 

Let  DA,  DE,  be  drawn  ;  the  angle  ADF=FDE„ 
i)  A  =  DE,  being  radii  of  the  fame  circle,  and  DF 
common ;  therefore  (by  theo.  6.)  the  angle  DFA 
=  DFEj  and  FA  a  perpendicular.     (By  def.  11.) 

P  R  0  B.    Vlli. 

Thro*  a  given  poirit  A,  to  draw  a  right  line  AB^ 
parallel  to  a  given  right  line  CD.  jig.   14. 

From  the  point  A,  to  any  point,  F,  iri  the  line 
CD,  draw  the  line  AF ;  with  the  interval  FA,  and 
one  foot  in  F,  defcribe  the  arc  AE,  and  with  the 
like  interval  and  one  foot  in  A,  defcribe  the  arc 
BF,  making  BF  =  AE  ;  thro*  A  and  B  draw  the 
line  AB,  and  it  will  be  parallel  to  CD. 

By  prob.  2.  The  angle  BAF==  AFE,  and  by 
theo.  II.  B A  and  CD  are  parallel. 

H  PROB. 
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P  R  0  B.    IX. 

Upon  a  given  line  AB  to  defcrihe  afquare  A  BCD, 
plate  I.  f-g.   17. 

Make  B  C  perpendicular  and  equal  to  A  B  ;  and 
from  A  and  C,  with  the  line  AB,  or  BC,  let  two  arcs 
be  defcribed,  cutting  each  other  in  D  ;  from  whence 
to  A  and  C,  let  the  lines  AD,  DC  be  drawn;  fo 
is  A  BCD  the  fquare  required. 

For  all  the  fides  are  equal  by  conftruclion ; 
therefore  the  triangles  ADC  and  BAG,  are  mutu- 
ally equilateral  and  equiangular,  and  ABCD  is  an 
equilateral  parallelogram,  whofe  angles  are  right. 
For  B  being  right,  D  is  alfo  right,  and  DAC, 
DC  A,  BAC,  ACB,  each  half  a  right  angle  (by  lem- 
ma preceding  theo.  7.  and.  cor.  2.  theo.  5.)  whence 
DAB  and  BCD  will  each  be  a  right  angle,  and 
(by  def.  44.)  ABCD  is  a  fquare. 

SCHOLIUM. 

By  the  fame  method  a  rectangle  or  oblong,  may 
be  defcribed,  the  fides  thereof  being  given. 

P  R  0  B.     X, 

To  divide  a  given  right  line  AB,  into  any  propofed 
number  of  equal  parts.     Fig.    15. 

Draw  the  infinite  right  line  AP,  making  any 
angle  with  AB,  alfo  draw B Q^  parallel  to  AP,  in 
each  of  which,  let  there  be  taken  as  many  equal 

parts 
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parts  AM,  MN,  ^c.  Bo,  on,  ^c.  as  you  would 
have  A B  divided  into ;  then  draw  Mm,  Nn,  &'c. 
interfering  AB  in  E,  F,  ^c.  and  it  is  done. 

For  MN  and  mn,  being  equal  and  parallel,  FN 
will  be  parallel  to  EN ;  and  in  the  fame  manner, 
GO  to  FN  (by  theo.  12.)  therefore  AM,  MN, 
NO,  being  all  equal  by  conftruftion,  it  is  plain 
(from  theo.  20.)  that  AE,  EF,  FQ,  ^c.  will 
like  wife  be  equal. 

F  R  0  B.     XL 

To  find  a  third  proportional  to  two  given  right  lijjes, 
A  and  B.  fig.  16. 

Draw  two  infinite  blank  lines  CE,  CD,  any  wife 
to  make  an  angle.  Lay  the  line  A,  from  C  to  F ; 
and  the  line  B,  from  C  to  G ;  and  draw  the  line 
FG;  lay  again  the  line  A,  from  C  to  H;  and 
thro'  H,  draw  HI  parallel  to  FG  (by  prob.  8.) 
fo  is  CI  the  third  proportional  required. 

For,  by  cor.  i.  theo.  20.  CG  :  CH  :  :  CF  :  CL 

Or,  B  :  A  :  :  A  :  CI. 

P  R  0  B^     XII. 

Three  right  lines  A,  B,  C,  given  to  find  a  fourth 
proportional,     (Fig,   I'j.J 

Having 
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Having  made  an  angle  DEF  anywife,  by  twa 
infinite  blank  right  lines,  ED,  EF,  as  before  ;  lay 
the  line  A,  from  E  to  G  ;  the  line  B,  from  E  to  I  - 
and  draw  the  line  IG  ;  lay  the  line  C,  from  E  to 
H,  and  (by  prob.  8.)  draw  HK  parallel  thereto, 
fp  will  EK  be  the  fourth  proportional  required. 

For,  by  cor.  i.  theo.  20.  EG  :  EI  :  :  EH^:  EK. 

Or,  A  :  B  :  :  C  :  EK. 

PROB.     XIII. 
Plate  III. 

T1V0  right  lines,  A  and  B,  giij^n  to  fijid  a  ^nean 
-proportional.     (Fig-   i-J 

Draw  an  infinite  blank  line,  as  AF,  on  which 
lay  the  line  A,  from  A  to  B,  and  the  line  B,  frorrt 
B  to  C,  on  the  point  B,  which  is  the  joining  of  the 
lines  A  and  B ;  erefl:  a  perpendicular  BD  (by 
prob.  5.)  bifed  AC  in  E  (by  prob.  4.)  and  defcribe 
the  femicircle  ADC;  and  from  the  point  D,  where 
its  periphery  cuts  the  perpendicular  BD,  draw  the 
line  BD,  and  that  will  be  the  mean  proportional 
required. 

For  if  the  lines  AI^,  DC,  be  drawn,  the  angle 
ADC  is  a  right  angle  (by  cor.  5.  theo.  7.)  being 
an  angle  in  a  femicircle. 

The  angles  ABD,  DBC,  are  right  ones  (by  def. 
II.)  the  line  BD  being  a  perpendicular  ;  wherefore 
the  triangles  ABD,  DBC,  are  fimilar,  thus  the  an- 
gle A  B  D  =  D  B  C ,  being  both  right,  the  angle  D  A  C 
is  the  complement  of  BDA  to  a  right  angle  (by 
cor.  2.  theo.  5.)  and  is  therefore  equal  to  BDC, 
^the  angle  ADC  being  a  right  angle  as  before  ;  con- 

fequently 
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fequently  (by  cor.  i.  theo.  5.)  the  angle  AD B  =5 
PCB,  wherefore  (by  theo.   16.) 

AB  :BD  :  :  BD  :  BC. 
Or,    A  :  BD  :  :  BD  :  B. 

P  R  0  B.     XIV. 

To  divide  a  right  line  AB,  in  the  point  E,  Jo  that 
AEjhall  have  the  fame  proportion  to  EB,  as  two  given 
lines  C  and  D  have.     (Fig.  1.) 

Draw  an  infinite  blank  line,  AF,  to  the  ex- 
tremity of  the  line  AB,  to  make  with  it  any  an- 
gle ;  lay  the  line  C,  from  A  to  C ;  and  D,  from  C 
to  D ;  and  join  the  poinl,s  B  and  D,  by  the  line 
BD  ;  thro'  C,  draw  CE  parallel  to  BD  (by  prob.  8.) 
fo  is  E  the  point  of  divifion. 

For,  by  cor.  i.  theo.  20.  AC  :  AD  :  :  AE  :  AB. 
Pr,    C  :  D  :  :  AE  :  EB. 

F  R  0  B.     XV. 

To  defcribe  a  circle  about  a  triangle  ABC  (or  which 
is  the  fame  thing)  thro^  any  three  points.  A,  B,  C, 
which  are  not  fituate  in  a  right  line.     fFig.  2,- J 

By  prob.  4.  Bifed  the  line  AC  by  the  perpen^ 
dicular  DE,  and  alfo  CB,  by  the  perpendicular  FG, 
the  point  of  interfedion  H,  of  thefe  perpendiculars, 
is  the  center  of  the  circle  required,  from  which  take 
the  diftance  to  any  of  the  three  points  A,  B,  C, 
aPxd  defcribe  the  circle  ABC,  and  it  is  done. 

For 
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For,  by  cor.  to  theo.  8.  The  lines  DE  and  FG^ 
mud  each  pafs  thro'  the  center,  therefore,  their  point 
of  interfedion,  H,  mufl  be  the  center. 

SCHOLIUM. 

By  this  method  the  center  of  a  circle  may  be 
found,  by  having  dnly  a  fegment  of  it  given. 

P  R  0  B.     XVI. 

Tq  make  an  angle  of  any  number  of  degrees,  at 
the  point  A^  of  the  line  AB,  fuppofe  of  45  degrees. 

(Fig^  A') 

From  a  fcale  of  chords  take  60  degrees,  for  60 
is  equal  to  the  radius  (by  cor.  theo.  15.)  and 
with  that  diftance  from  A,  as  a  center,  defcribe  a 
circle  from  the  line  AB  ;  take  45  degrees,  the  quan- 
tity of  the  given  angle,  from  the  fame  fcale  of 
chords,  and  lay  it  on  that  circle  from  a  to  b,  thro'  A 
2Jid  b,  draw  the  line  AbC  j  and  the  angle  A,  will 
be  an  angle  of  45  degrees,  as  required. 

If  the  given  angle  were  more  than  90,  take 
its  half  (or  divide  it  into  any  two  parts  lefs  than 
90)  and  lay  them  after  each  other  on  the  arc  which 
is  defcribed  with  the  chord  of  60  degrees ;  thro' 
the  extremity  of  which,  and  the  center,  let  a  line 
be  drawn,  and  that  will   form  the  angle  required. 


v/ith  the  given  line. 


F  R  0  B. 
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P  R  0  B.     XVII. 

To  meafure  a  given  angle  ABC.  (fig.  $.) 

If  the  lines  which  include  the  angle,  be  not  as 
long  as  the  chord  of  60  on  your  fcale,  produce 
them  to  that  or  a  greater  length,  and  between 
them  fo  produced,  with  the  chord  of  60  from  B, 
defcribe  the  arc  ed;  which  dijRiance  ed,  meafured 
on  the  fame  line  of  chords,  gives  the  quantity  of 
the  angle  BAG  48  degrees,  as  required  j  this  is 
plain  from  def.   19. 

p  R  0  B.   xvm. 

To  make  a  triangle  B  CE  equal  to  a  given  quadrU 
lateral  figure  A  BCD.  fig.  6. 

Draw  the  diagonal  AC,  and  parallel  to  it  (by 
prob.  8.)  DE,  meeting  AB  produced  in  E ;  thea 
draw  CE,  and  ECB  will  be  the  triangle  required. 

For  the  triangles  ADC,  A  EC,  being  upon  the 
fame  bafe  AC,  and  under  the  fame  parallel  ED 
(by  cor.  to  theo.  13.)  will  be  equal,  therefore  if 
ABC  be  added  to  each,  then  ABCD  =  BEC. 

PROB.     XIX. 

To  make  a  triangle  DFH,  equal  to  a  given  five^ 
fided  figure  ABCDE.  fig.  7. 

Draw  DA  and  DB,  and  alfo  EH  and  CF,  paral- 
lel to  them  (by  prob.  8.)  meeting  AB  produced  in 

H  and 


56  G  E  O  M  E  T  R  t  C  A  L 

Plate  III. 

H  and  F;  then  draw  DH,  DF,  and  the  triangle 
HDF  is  the  one  required* 

For  the  triangle  DEA  =  DHA,  and  DBC  = 
DFB  (by  cor.  to  theo.  13.)  therefore  by  adding 
thefe  equations,  DEA  +  DBC  =  DHA  +  DFB, 
if  to  each  of  thefe  ADB  be  added ;  then  DE  A  -f 
ADB  +  DBC=ABCDE=(DHA  +  ABD  +  DFB) 
=DHF. 

P  R  0  B.     XX, 

To  project  the  lines  of  chords,  fines,  tangents,  and 
fecants,  to  any  radius.     Fig.  8. 

On  the  line  AB,  let  a  femicircle  ADB  be  de- 
icribed;  let  CD  be  drawn  perpendicular  to  the 
center  C,  and  the  tangent  BE  perpendicular  to  the 
end  of  the  diameter;  let  the  quadrants,  AD,  DB, 
be  each  divided  into  9  equal  parts,  every  of  which 
■will  be  10  degrees;  if  then  from  the  center  C, 
lines  be  drawn  thro*  ic,  20,  30,  40,  ^^.  the  di- 
villous  of  the  quadrant  BD,  and  continued  to  BE, 
we  fhall  there  have  the  tangents  of  10,  20,  30, 
40,  Efff.  and  the  fecants  C  10,  C  20,  C  30,  ^c.  are 
transferred  to  the  line  CD,  produced  by  defcribing 
the  arcs  10,  10:  20,  20:  30,  '^o^  ^c.  If 
from  10,  20,  30,  tffc.  the  dlvifions  of  the  qua- 
drant BD,  there  be  let  fall  perpendiculars,  let  thefe 
be  transferred  to  the  radius  CD,  and  we  Ihall  have 
the  fmes  of  10,  20,  30,  ^c.  and  if  from  A  we 
defcribe  the  arcs  10,  10:  20,  20:  30,  t,o,  &c. 
from  every  divifion  of  the  arc  AD ;  we  lliail  have 
a  line  of  chords.  The  fame  way  we  may  have 
the  fme,  tangent,  &c.  to  every  fmgle  degree   c«i 

the 
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■'^c  quadrant,  by  fubdividing  every  of  the  9  for- 
mer divifions  into  10  equal  parts.  By  this  method 
the  fmes,  tangents,  ^c.  may  be  drawn  to  any 
radius  j  and  if  after,  they  be  transferred  to  lines  on 
a  rule,  we  (hall  have  the  fc«les  of  fmes,  tangents, 
Isfc.  ready  for  ufe. 

Conctrning  Scales  of  equal  Parts. 

If  an  inch  be  divided  into  any  affigned  number 
of  equal  parts,  and  if  thefe  parts  be  continued  on 
in  a  right  line,  and  if  the  laft  of  them  be  fubdi- 
vided  into  10  equal  parts,  and  thence  if  the  firft 
divifions  be  numbered  with  i,  2,  3,  4,  £sf^.  as  far 
as  the  ruler  upon  which  they  are  transferred  will 
admit,  the  fcale  is  completed. 

Thefe  numbers,  i,  2,  3,  4,  ^^r.  ufually  fland 
for  10,  20,  30,  40,  'zsfc.  and  every  one  of  the 
fubdivifions  is  called  i  :  but  if  the  numbers  1,2, 
3,  4,  Iffc.  be  called  100,  200,  300,  400,  ^c.  then 
every  one  of  the  fubdivifions  will  be  10,  and  the 
units  mull  be  guelfed  at. 

On  one  fide  of  moft  furveying  fcales,  there  are 
lines  or  fcales,  marked  at  the  end  with  50,  45, 
40,  35,  30,  25,  15,  10,  and  fometimes  with  other 
numbers ;  thefe  are  fcales  of  fo  many  parts  to  an 
inch  (whether  of  feet,  yards,  perches,  or  miles)  as 
the  refpeftive  number  at  the  end  of  each  exprelfes  ; 
but  in  the  furveying  way,  they  are  counted  to  be 
fo  many  perches  to  an  inch,  and  fometimes  fo  ma- 
ny feet  to  an  inch. 

On  the  contrary  fide  there  are  two  fcales,  one  of 
10,  and  the  other  of  20;  or  one  of  100,  and  the 

I  other 
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other  of  200;  or  one  of  1000,  and  the  other  of 
2000  parts  to  an  inch,  diagonally  divided ;  (a  view 
of  the  fcale  will  make  all  eafy :)  the  firli  of  thefe 
furveyors  call  a  fcale  of  10,  and  the  other  a  fcale 
of  20  perches  to  an  mch ;  and  are  thus  counted ; 
every  large  divifion  is  10,  every  one  of  the  fubdi- 
vifions  is  i ,  and  every  one  downwards  is  one  tenth' 
of  a  perch ;  or  fometimes  thus,  every  large  divifi- 
on is  called  100,  every  fubdivifion  10,  and  every 
one  downwards  i  :  or  again,  frequently  by  navi- 
gators, every  large  divifion  is  called  1000,  every 
fubdivifion  1 00,  every  one  downwards  i  o,  and  the 
tenth  part  of  the  diftance  between  the  lines  i. 

Hence  it  is  eafy  to  meafure  the  length  of  any 
line,  knowing  the  fcale  by  which  it  was  laid  down ; 
and  on  the  contrary,  to  fet  off  any  given  diftance- 
from  any  fcale. 


Oi 
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Of  logarithms. 


IF  to  a  feries  of  numbers  In  geometrical  progref- 
fion,  whofe  common  ratio  is  i  o,  and  firft  term^  i  ; 
we  annex  another  feries  of  numbers  in  arithmetical 
progreifion,  whofe  firft  term  is  o,  and  common  dif- 
ference I  :  thefe  latter  numbers  will  be  the  loga- 
rithms of  the  former. 

Numbers.  Logarithms. 

I  o.ooooo 

lO  I.OOOOO 

ICO  2.00000 

looo         3.00000 

iOOGO  4.00000,  ^C. 

If  feveral  geometrical  means  be  taken,  and  the 
like  number  of  arithmetical  ones,  to  the  corre- 
fponding  numbers,  the  latter  will  be  the  logarithms; 
of  the  former. 

The  nature  therefore  of  logarithms  is  fuch, 
that  addition  of  them  anfwers  to  the  multiplica- 
tion of  their  correfponding  numbers ;  and  fub- 
traftion  to  divifion :  that  is,  when  two  numbers 
propofed  are  to  be  multiplied  into  each  other,  if 
we  take  the  logarithms  anfwering  to  thofe  num- 
bers, and  add  them  together,  the  fum  will  be  the 
logarithm  anfwering  to  the  number,  which  is  the 
produd  of  the  tvvo  propofed  numbers. 

Again, 
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Again,  when  one  number  is  propofed  to  be  di- 
vided by  another  ;  if  from  the  logarithm  of  the 
dividend,  we  fubtracl  the  logarithm  of  the  divi- 
for,  the  remainder  lliall  be  the  logarithm  of  the 
quotient, 

Moll  tables  of  logarithms  contain  the  logarithms 
of  all  numbers  from  i  to  loooo,  the  column 
marked  at  the  top  N,  is  that  in  which  you  mufl 
find  your  number ;  in  the  fame  line  with  which, 
in  the  adjacent  column,  is  the  logarithm  of  that 
number, 

,  Example. 

Required,  the  logarithm  of  365, 
Anfwer,  2.56229. 

And  though  mod  tables  of  logarithms  run  but 
to  1 0000,  yet  by  them  the  log.  of  any  number 
not  exceeding  10,000,000  may  be  found,  and  on 
the  contrary,  the  number  to  any  fuch  logarithm, 
thus, 

1.  Find  the  log.  of  the  firfl  four  figures  of  the 
given  number. 

2.  Take  that  log.  from  the  log.  of  the  number 
next  following,  and  note  their  difference. 

3.  Multiply  that  difference  by  the  remaining  fi- 
gures  of  the  given  number  ;  and  from  the  produft, 
cut  off  as  many  figures  as  remain  in  the  given 
number,  or  as  the  given  number  is  more  than  four 
(counting  from  the  right  to  the  left)  as  in  de- 
cimals. 

A.  The 
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4.  The  whole  number  in  the  produ^l,  added  to 
the  firft  log.  is  the  log.  required;  but  the  firft 
figure,  which  is  called  the  index,  or  characterif- 
tic,  muft  be  changed ;  and  always  be  one  lefs  than 
the  number  of  figures  in  the  logarithm. 

Example    I. 

Required,  the  logarithm  of  the  number  3567894 

*    The  log.  of  2>S^7i  which  are  the  firll  four  fi- 
gures, is  -  -  -  3-55230 

The  log.  of  the  following  or  next  number,  viz. 
3568,  is  -  -  -  3-55^4^ 


Their  difference,  -  -  -  12 

Mult,  by  the  remaining  fig.  viz.        ^-  .894 

Cut  off  3  figures,  becaufe  894  is  3   figures, 
and  the  produd  is  -  -  10.728 

To  which  add  the  firil  log.        -       S'SS^^o 

Their  fum  is  -  -  3.55240 

But  becaufe  the  given  number  confifls  of  7  fi- 
gures, the  index  muft  be  one  lefs,  which  is  6 ;  fo 
the  above  index,  3,  muft  be  changed  to  6,  and  we 
have  6.55240  the  log.  of  3567894  required. 

Example    II. 

Required,  the   log.    of  the  number   125607. 
The  log.  of  1256  is  -  -  3-09899 

The  next  log.  following  is*  -  3.09934 

Their 
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Their  difference  is  -  '  2>5 

Multiply  by  .07  the  remaining  figures  .07 

Produd  -  >  _  2.45 

To  which  add  the  firft  log.  -         3.09899 

Their  fum  is  -  -     ,         3.09901 

Becaufe  the  given  number  confifts  of  6  places? 
change  the  laft  index  to  5,  which  is  one  lefs  than 
the  places  in  the  given  number  j  and  you  have 
5.09901,  the  log.  of  125607  required. 

Becaufe  any  number  confiding  of  both  integers 
and  decimals,  is  equal  to  the  quotient  of  the 
whole  confidered  as  an  integer,  divided  by  the 
denominator  of  the  decimal  part ;  and  fmce  by  the 
nature  of  logarithms,  fubtradion  in  them  anlwers 
the  quotient  of  other  numbers ;  therefore  it  fol- 
lows, that  v/hen  a  number  is  given,  confiding  of 
integers  and  decimals,  we  can  find  its  log.  thus : 
find  the  log.  of  the  whole  confidered  as  one  inte- 
ger;  then  from  that,  take  the  log.  of  the  denomi- 
nator of  the  decimal  part ;  or  (which  is  the  fame 
thing)  from  the  index  of  the  log.  of  the  whole  con- 
fidered as  an  integer,  fubtrad  a  number  lefs  by 
one,  than  the  number  of  places  in  the  denomina- 
tor of  the  fraction,  and  the  remainder  will  be  the 
log.  required  ;  or  the  index  of  the  log.  mufl  be  i 
iefs,  than  the  number  of  figures  in  the  integer  to 
which  the  decimal  is  annexed. 

Example    I. 

What  is  the  log.  of  the  number  ^6.^1 
Find  the  log.  of  361^,  which  is  2.56229  :  then  be- 
caufe 10  is  the  denominator  of  the  decimal  part  of 
the  propofed  number,  and  i. 00000  its  log.  there- 
fore, from  2.56229,  take  i.ooooo,  and  there  re- 
mains  1.56229  the  loGT.  required. 

Or, 


Of    logarithms.  6j 

Or,  becaufe  the  whole  number  confifls  of  two 
jfigures,  the  index  of  the  log.  mufl  be  one  lefs, 
and  is  therefore  1.56229,  as  before. 

Example    II. 

What  are  the  logs,  of  6543,654.3,65.43,6.543, 
.6543,  .06543  and  .006543  ? 

6543         —         —         —  3-^157^ 

654.3  —  —  2.81578 

65.43  —  1.8 1 578 

6.543         —  —  0^1578 

.6543  —  9:^157^ 

.06543         —         —        O1578 
.006543  —  7-81578 

For  the  log.  of  a  decimal  fra^Ion  is  the  fame 
as  that  of  an  integer ;  only  the  index  is  negative, 
and  is  fo  much  lefs  than  o.  as  the  place  of  the  deci- 
mal is  removed  from  unity ;  and  thofe  indices  may 
be  difiiinguifhed  from  abfolute  ones,  by  fetting  a 
negative  rign  over  them,  as  above. 

To  find  the  Number  of  a  given  Logarithm. 

Look  for  the  given  log.  ahiongft  the  logs,  from 
1000  to  1 0000  (not  regarding  the  index  or  firfl 
figure)  and  if  you  find  the  exa6l  log.  you  want, 
you  have  in  the  margin  the  required  number. 
But  if  the  index  of  the  given  log.  be  lefs  than  3, 
cut  off  from  the  number  found,  as  many  figures 
as  it  is  lefs ;  and  the  figures  fo  cut  off  will  be  de- 
cimals, and  the  others  integers.  Or  if  the  firll 
figure  or  index,  be  greater  than  3,  add  as  many 
cyphers  to  the  number  found  as  it  is  more,  and 
you  have  the  number  required. 

Exam- 
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Examples. 

Find  the  numbers  correfpondent  to  the  follow- 
ing logarithms. 


Given  iO| 

^arithms.     Numbers. 

5'55^3<^  ' 

Anfwer     356700. 

4.55230 

35670- 

3-55230 

3567- 

2.55230 

—      35^-7 

1-55230 

35-^7 

0.55230 

-.        7,,^6y 

S-'iS^Z^ 

—        —       '35^7 

8.55230 

•^3S^7 

7-55230 

—        —        -003567,  t^c. 

But  if  the  exad;  log.  cannot  be  found  in  the 
table,  and  the  number  of  figures  required  exceed 
four,  then 

1.  Find  as  before  (not  regarding  the  index)  the 
log.  anfwering  to  the  firft  four  figures,  but  lefs 
than    the  given  log. 

2.  Take  that  from  the  given  one,  and  if  the 
remainder  do  not  confift  of  two  figures,  prefix  a 
cypher  to  it ;  and  after  thefe  two  figures  annex 
three  cyphers,  fo  will  you  have  five  figures  for  a 
dividend. 

3.  Divide  that  by  the  difference  between  the 
log.  found,  and  the  next  following,  and  if  your 
quotient  do  not  confift  of  three  figures,  prefix  a 
cypher  or  cyphers  to  make  it ;  which  three  fi- 
gures place  after  the  firfl  four  found. 

Then  obferve  the  index  of  the  given  log. 
which  fhews  how  many  figures  mufl  be  integers, 
and  how  many  decimals  j  for  the  number  of  in- 

teg;ers 
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tegers  Is  one  more  than  the  given  index  as  be- 
fore. 

ExAMi>tE    I. 
1.  Required,  the  number  of  the  log.     4.55:241 

The  neareft  log.  which  is  lefs  is  3'55^3o 

its  number  is  3567. 

The  difference   of  thefe  with    three  cyphers  is 

for  a  dividend            -           -           ,  iiooo 


The  log.  found  -  -  3 '55 ^30 

The  next  log.  -  »  s.  3*55242 

*rheir  difference  will  give  for  a  divifor  12 

1 2)  1 1 000(9 1  ^  Quotienti 

108 


20 
12 

80 


Which  quotient  plac6  after  the  firft  four  figures 
found,  and  you  have  25^79^^y  and  becaufe  the 
index  is  4,  the  number  will  be  35679.16  re- 
quired. 

2.  Required,  the  number  anfwering  to  the  log. 

5.09901. 
The  neareft  log.  to  which  is  3.09899,  its  No.  1256 


Dividend     02000 


K  Log. 
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Log.  found  3.09899 
Next  log.     3.09934 


35  Divifor     35)02000(57 
^75 


250 
245 


Becaufe  the  qGotlent  confifts  of  but  two  figures? 
prefix  a  cypher  to  it  to  make  it  three,  and  it  is  057  ; 
which  annexed  to  the  firft  four  found,  is  1256057  ; 
and  becaufe  the  index  of  the  given  log.  is  5,  its 
number  will  be  125605.7. 

From  what  has  been  faid  on  this  head,  the  fol- 
lowing problems  may  eafily  be  folved  by  loga- 
rithms, viz.- 

P  R  0  B.     L 

Multiply    134  by  25.6 

To  log.  of  134  -  -  2. 1 28 10 

Add  the  log.  of  25.6  -  -  1.40824 

Sum  3.53534 


The  number  anfwering  to  which  fum,  viz.  3430, 
is  nearly  the  produd  of  134  by  25.6  and  is  the 
anfwer. 

Again,  multiply  234  by  36. 

,     ^  To 
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To  log.  of        234         2.36922 
Add  the  log.  of  36         1-55630 

Sum   3.92552  its  number 

is  8424  required. 

P  RO  B,     II. 

What  is  the  quotient  of  828  by  23  ? 

From  the  log.  of  828  2.91803 

Take  the  log.  of     23  1.36 173 

DiiFerence  1.55630  its  number 

is  36  the  quotient  required. 

Again,  what  is  the  quotient  of  30550  by  47  ? 

From  the  log.  of  30550      4.48501' 
Take  the  log.  of        47       1.672 10 

2.8 1 29 1   its  number 

is  650  the  quotient  required. 

P  R  0  B.     m. 

Three  numbers  in  a  dired  proportion  given,  to 
find  a  fourth. 

From  the  fum  of  the  logarithms  of  the  fe- 
cond  and  third  numbers ;  deduft  the  logarithm  of 
the  firil,  the  remainder  will  be  the  logarithm  of 
the  fourth  required. 

Exam- 
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Example    I. 

Let  the  three  propofed  numbers  be  36,  48,  66,, 
to  find  a  fourth  proportional. 

To  log.  of  48       1.68 1 24 
Add  log.  of  66       1.8 1 954 

Sum  3.50078 

Take  log.  of  ^6     1.55630 

1.94448  the  number  is  BS  the 

fourth  required. 

Again,  let  three  numbers  be  240,  1440,  1230, 
to  find  a  fourth  proportional. 

To  the  log.  of  1440       3'i5836 
Addthelog.  of  1230       3.08991 

From  the  product      6.24827 
Take  the  log.  of  240  2.38021 

3.86806  its  number  7380. 

^he  4th  required. 

PROS.     IV. 

To  find  the  fquare  of  any  given  number. 

Multiply  the  given  number's  logarithm  by   2, 
and  the  produd  is  the  logarithm  of  its  fquare. 

Exam-. 
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Ex 

AMPLE. 

Required,  the 

fquare  of  36* 

Log.  of  36 
Multiply  by 

i'55^3'^ 
2 

3.1 1260  its 

fquare  required. 

PROS.     V. 

To  extraft  the  fquare  root  of  any  given  num- 
ber. 

Take  half  of  the  logarithm  of  the  number,  and 
that  is  the  logarithm  of  its  fquare  root. 

Example. 

Required,  the  fquare  root  of  i2g6. 
Log.  of  1296       3.1 1 261 

Its  half  is  1.55630  its  number  is  ;^6  the 

fquare  root  of  the  number  required. 

By  the  manner  of  projefting  the  lines  of 
chords,  fines,  tangents,  anr"  fecants  (being  prob. 
20  of  geometry)  it  is  evident,  that  if  the  radius 
be  fuppofed  any  number  of  equal  parts  (as  1000 
or  1 0000,  ^c.)  the  fine,  tangent,  ^c.  of  every 
arc,  mufl  confifl  of  fome  number  of  thofe  equal 
parts }  and  by  computing  them  in  parts  of  the  ra- 
dius. 
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dius,  we  have  tables  of  fines,  tangents,  £ffr.  to 
every  arc  of  the  quadrant,  called  natural  fines, 
tangents,  Esf^r.  and  the  logarithms  of  thefe  give 
us  tables  of  logarithmic  fines,  tangents,  Effr.  and 
fuch  are  ufually  bound  up  with  logarithms  of 
numbers. 

In  which  you  may  obferve,  that  each  page  Is  di- 
vided into  8  columns,  the  firft  and  laft  of  which 
are  minutes,  and  the  intermediate  ones  contain  the 
fines,  tangents,  and  fecants,  the  upper  and  lower 
columns  contain  degrees,  the  column  of  the  mi- 
nutes on  the  Itii  hand  of  each  page,  anfwers  to 
the  degrees  in  the  top  column ;  and  the  fines, 
tangents,  and  fecants  belonging  to  thofe  degrees 
and  minutes,  are  in  the  columns  marked  at  the 
top  with  the  words  fine,  tangent,  and  fecant ; 
the  column  of  minutes  on  the  right  hand  of  each 
page,  anfwers  to  the  degrees  in  the  bottom  of  the 
page ;  and  the  fines,  tangents,  and  fecants,  an- 
fwering  to  thofe  degrees  and  minutes,  are  in  the 
columns,  marked  at  the  bottom  with  the  words 
line,  tangent,  fecant ;  the  degrees  in  the  top 
column  beginning  at  o,  proceed  to  44,  where  they 
end  ;  and  thofe  at  the  bottom  of  the  page  begin  at 
89,  and  proceed  to  45  in  a  decreafing  feries ;  the 
degrees  in  the  different  columns  being  the  com- 
plement of  each  other.  From  what  has  been  faid, 
we  may  eafily  find  the  fine,  tangent,  or  fecant 
of  any  arc,  from  the  tables,  by  looking  for  the 
sriven  number  of  degrees  at  the  head  or  foot  of 
the  page,  according  as  they  are  lels  or  greater  than 
45,  and  in  the  proper  fide  column  for  the  odd 
minutes,  if  there  be  any ;  then  below  or  above 
the  word  fine,  tangent,  or  fecant,  and  on  the 
lame  line  with  the  minutes,  we  fhall  have  that 
>vhich  was  required. 

,E  X  AM- 


Of     L  O  G  A  R  I  T  H  M  S.  71 

Example    I. 

Required,  the  fine  of  36  degrees  40  minutes. 

Look  at  the  head  of  the  page  for  7^6  degrees, 
and  in  the  fide  column  on  the  left  hand,  for  40 
minutes ;  then  below  the  word  fine,  on  the  fame 
line  with  40,  we  find  9.77609 ;  which  is  that  re- 
quired. 

E  X  A  M  P  L  E      II.  5/ 

Required,  the  tangent  of  54  degrees  50  minutes. 

Look  at  the  foot  of  the  page  (becaufe  the  pro- 
pofed  degrees  are  more  than  45.)  for  54  degrees, 
and  in  the  right  hand  column  for  30  minutes  ;  then 
in  the  column  marked  tangent  at  its  bottom,  and 
on  the  fame  line  with  the  30  minutes,  in  the  fi.de 
column,  we  find  10,14673,  which  is  the  log-tan- 
gent required. 

The  reverfe  of  this,  viz.  The  logarithm  of  a 
fine,  tangent,  or  fecant,  being  given,  to  find  the 
arc  belonging  to  it,  is  performed  by  only  looking 
in  the  proper  column,  for  the  neareft  logarithm  to 
that  propofed,  and  the  degrees  and  minutes  an- 
fwering  thereto,  are  thofe  required. 

We  will  now  fhew  how  any  fine,  tangent,  or 
fecant  may  be  had,  tho'  the  figures  in  the  tables 
were  defaced,  mif-printed,  or  obliterated. 

P  R  0  B.    I. 

To  find  the  tangent  which  is  defaced,  by  the 
fine  and  co-fine. 

The 
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The  co-fme  taken  from  the  fine  added  to  90,  of 
radius,  which  is  10.00000,  the  remainder  is  the 
tangent.     (  By  part  i.  theo.  24.) 

Example. 

1.  Suppofe  the  tangent  of  41'='.  20',  was  defaced, 
but  the  fme  and  co-fme  of  it  vifible. 

From  the  fme  of  41°.  20'  +  10.00000, 
or  radius,  _  _  .  1 9.8 1983 

Take  the  co-fme  of  41°.  20'  9*^7557 

The  rem.  is  the  tan.  of  41°.  20'  req.  'ulz.   9.94426 

2.  To  find  a  fine  which  is  mif-printed,  by  help 
of  the  co-fine  and  tangent. 

From  the  fum  of  the  tangent  and  co-fine,  take 
10.00000,  or  radius,  or  (which  is  the  fame  thing) 
cut  off  the  firft  figure  in  the  index,  the  remainder 
is  the  fine  required  (by  part  2.  theo.  24.) 

Example. 

Suppofe  the  fme  of  46".  50'  was  defaced,  but 
the  tangent  and  co-fine  vifible. 

To  the  tangent  of  46".  50'  10.02781 

Add  the  co-fine  of  46°.  5c'  9'^35^3 

Their  fum  is  the  fine  of  46°.  50'  req.  viz.  9.86294 

The  co-tangent  and  co-fme  of  any  arc,  may  be 
had  by  the  fame  method ;  the  complement  of  any 
degree,    being   only    its   refidue   from   90,    or    a 

quadrant. 
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quadrant,  as  before  obferved,  (by  theo.  24.  part 
3  and  4.) 

3.  To  find  a  tangent  by  the  help  of  a  co-tan- 
gent only. 

From  twke  the  radius,  which  is  20.00000,  take 
the  co-tangent,  the  remainder  is  the  tangent,  (by 
theo.  24.  part  5.) 

Example. 

Required,  the  tangent  of  29°.  50'  being  defaced, 
as  alfo-the  fine  and  co-fme  defaced,  by  the  co-taa- 
gent  only. 

From  twice  the  radius,  20.00000^ 

Take  the  co-tangent  of  29°.  50'  10.2414S 

The  rem.  is  the  tang,  of  29°.  50'  req.      9.75852 

4.  To  find  the  fecant  by  the  help  of  a  co-fme; 
which  may  be  found  of  greaf  ufe  when  a  table  of 
fines  and  tangents  can  only  be  had. 

From  twice  the  radius,  which  is  20.00000,  take 
the  co-fme,  and  the  remainder  will  be  the  fecant, 
(by  theo.  24.  part  6.) 

Example* 

Required,  the  fecant  of  S7°'  20'  by  the  help  of 
the  co-fme  only. 

From  the  double  radius,  20.00000 

Take  the  co-fme  of  S7°'  20'  9'732i9 

The  rem.  is  the  fecant  of  57°.  20'  req.  10.26781 

L  5-  To 
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5.  To  find  a  fecant  by  the  help  of  the  fine  and 
tangent. 

From  the  tangent  added  to  radius,  take  the 
fine,  the  remainder  will  be  the  fecant,  (by  theo. 
24.  part  7.) 

Example. 

Required,  the  fecant  of  ^y°.  20'  by  help  of  the 
fine  and  tangent. 

From  the  tan.  of  57°.  20'  +  10.00000 
the  radius,  20.19303 

Take  the  fine  of  57°.  20'  9.92522 


The  rem.  is  the  fecant  of  ^y°.  20'  req.   10.26781 

The  fecants  in  thefe  tables  might  have  been 
omitted,  becaufe  all  proportions  in  which  they  are 
concerned,  may  be  wrought  by  fines  and  tangents 
only,  as  Ihall  be  fliewn  in  the  feveral  cafes  of  plane 
trigonometry;  and  are  here  only  inferted  that  all 
the  various  methods  of  refolving  triangles  may  be 
Ihewn, 


1^  E  C  T, 


*********************** 
SECT.      II. 


Containing  Plane  Trigonometry,  right-angled  and  ob* 
lique  ;  with  its  Application  in  determining  the  Mea- 
fares  of  inaccejjible  Heights  and  Dijiances. 


Plane  Trigonometry 


IS  the  fcience  of  meafuring  the  fides  and  an- 
gles of  plane  triangles.     It  is  divided  into  two 
parts,   viz.    into  redangular  and  oblique  angular 
,  trigonometry,  becaufe  every  triangle  is  either  right- 
angled  or  oblique ;  therefore  we  fhall  begin  with 

RECTANGULAR    TRIGONOMETRY. 

Plate  V.  fig.  I. 

I.  In  every  right  angled  plane  triangle  ABC,  if 
the  hypothenufe  AC  be  made  the  radius,  and  with 
it  a  circle,  or  an  arc  of  one,  be  defcribed  from 
each  end ;  it  is  plain  (from  def.  22.)  that  BC  is 
the  fine  of  the  angle  A,  and  AB  is  the  fine  of  the 
angle  C ;  that  is,  the  legs  are  the  fines  of  their 
oppofite  angles. 

2.  If 
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2.  If  one  leg  AB  be  made  the  radius,  and  with 
it,  on  the  point  A,  an  arc  be  defcribed;  then  BC 
is  the  tangent,  and  AC  is  the  fecant  of  the  angle 
A,  by  def.  24  and  25.    Fig.  2. 

3.  If  BC  be  made  the  radius,  and  an  arc  be 
defcribed  with  it  on  the  point  C ;  then  is  AB  the 
tangent,  and  AC  is  the  fecant  of  the  angle  C,  as 
before.     Fig.  3. 

Becaufe  the  fine,  tangent,  or  fecant  of  any 
given  arc  in  one  circle,  is  to  the  fine,  tangent, 
or  fecant  of  a  like  arc  (or  to  one  of  the  like 
number  of  degrees)  in  another  circle ;  as  the 
radius  of  the  one  is  to  the  radius  of  the  other ; 
therefore  the  fine,  tangent,  or  fecant  of  any  arc 
is  proportional  to  the  fine,  tangent,  or  fecant 
of  a  like  arc,  as  the  radius  of  the  given  arc  is 
to  10.00000,  the  radius  from  whence  the  loga- 
rithmic fines,  tangents,  and  fecants,  in  moft  ta-  . 
bles,  are  calculated,  i.  e. 

If  AC  be  made  the  radius,  the  fints  of  the 
angle  A  and  C,  defcribed  by  the  radius  AC, 
will  be  proportional  to  the  fines  of  the  like  arcs, 
or  angles  in  the  circle,  that  the  tables  now  men- 
tioned were  calculated  for.  So  if  BC  was  required, 
having  the  angles  and  AB  given,  it  will  be 
fig.   I. 

As  S.C  :  AB  :  :  S.A  :  BC. 

i.  e.  As  the  fine  of  the  angle  C  In  the  tables,  is 
to  the  length  of  AB ;  (or  fine  of  the  angle  C,  in 
a  circle   whofe  radius  is  AC  5)  fo  is  the  fine  of 

the 
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the  angle  A  in  the  tables,  to  the  length  of  BC, 
(or  fine  of  the  fame  angle,  in  the  circle,  whofe 
radius  is  AC.) 

In  like  manner,  the  tangents  and  fecants  repre- 
fented  by  making  either  leg  the  radius,  will  be 
proportional  to  the  tangents  and  fecants  of  a  like 
arc,  as  the  radius  of  the  given  arc  is  to  10.00000, 
the  radius  of  the  tables  aforefaid. 

Hence  it  is  plain,  that  if  the  name  of  each  fide 
of  the  triangle  be  placed  thereon,  a  proportion 
will  arife  to  anfwer  the  fame  end  as  before :  thus 
if  AC  be  made  the  radius,  let  the  -word  radius 
be  written  thereon;  and  as  BC  andAB,  are  the 
fines  of  their  oppofite  angles ;  upon  the  firft  let 
S.A,  or  fine  of  the  angle  A,  and  on  the  other 
let  S.C,  or  fine  of  the  angle  C,  be  wrote :  then. 

When  a  fide  is  required,  it  may  be  obtained  by 
this  proportion,  viz. 

As  the  name  of  the  fide  given 

is  to  the  fide  given, 
So  is  the  name  of  the  fide  required 

to  the  fide  required. 

Thus,  if  the  angles  A  and  C,  and  the  hypo- 
thenufe  AC  were  given,  to  find  tl>e  legs ;  the 
proportions  will  be 

1.  R  :  AC  :  :  S.A  :  BC.  fig.   i. 

That  is,  as  radius  is  to  AC,  To  is  the  fine  of  the 
angle  A,  to  BC.     And, 

2.  R  :  AC  :  :  S.C  :  AB. 

That  is,  as  radius  is  to  AC,  fo  is  the  fine  of  the 
angle  C,  to  AB. 

When 
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When  an  angle  is  required,  we  ufe  this  pro* 
portion,  viz. 

As  the  fide  that  is  made  the  radius, 

is  to  radius. 
So  is  the  other  given  fide, 

to  its  name. 

Thus,  if  the  legs  were  given  to  find  the  angle 
A,  and  if  AB  be   made   the    radius,    it   will  be 

AB  :  R  :  :  BC  :  T.  A.  fig.  2. 

That  is,  as  AB,  is  to  radius,  fo  is  BC,  to  the 
tangent  of  the  angle  A, 

After  the  fame  manner,  the  fides  or  angles  of 
all  right  angled  plane  triangles  may  be  found, 
from  their  proper  data. 

We  here,  in  plate  4,  give  all  the  proportions 
requifite  for  the,  folution  of  the  fix  cafes  in  reft- 
angular  trigonometry ;  making  every  fide  poffible 
the  radius. 

In  the  following  triangles,  this  mark  — -  in  an 
angle,  denotes  it  to  be  known,  or  the  quantity  of 
degrees  it  contains  to  be  given ;  and  this  mark  ' 
on  a  fide,  denotes  its  length  to  be  given  in  feet, 
yards,  perches,  or  miles,  Iffc.  and  this  mark  °, 
either  in  an  angle  or  on  a  fide,  denotes  the  an- 
gle or  fide  required. 

•     •  Trom 
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Plate  V. 

From  thefe  proportions  It  may  be  obferved ; 
that,  to  find  a  fide,  when  the  angles  and  one  fide 
are  given,  any  fide  may  be  made  the  radius :  and 
to  find  an  angle,  one  of  the  given  fides  muft  be 
made  the  radius.  So  that  In  the  ift,  2d,  and 
3d  cafes,  any  fide,  as  well  required  as  given,  may 
be  made  the  radius,  and  in  the  firil  fliatings  of 
the  4th,  5th,  and  6th  cafes,  a  given  fide  only  is 
made  the  radius. 

RECTANGULAR    TRIGONOMETRY, 

CASE       I. 

^HE  angles  and  hypothenufe  ginjen,  to  find  the 
bafe  and  perpendicular.     Fig.  4. 

In  the  right  angled  triangle  ABC,  fuppofe  the 
angle  A  46''.  30'.  and  confequently  the  angle  G 
43  •  30'*  (t>y  cor.  2.  theo.  5.)  ;  and  AC  250  parts, 
(as  feet,  yards,  miles,  ^c.)  required  the  legs  AB 
and  BC. 

Geometrically. 

Make  an  angle  of  46°.  30',  In  blank  lines,  (by 
prob.  16.  fed.  I.)  as  CAB;  lay  250,  which  is  the 
given  hypothenufe,  from  a  fcale  of  equal  parts, 
from  A  to  C ;  from  C,  let  fall  the  perpendicular 
BC,  (by  prob.  7.  fed  i.)  and  that  will  conftitute 
the  triangle  ABC.  Meafure  the  lines  BC,  and 
AB,  from  the  fame  fcale  of  equal  parts  that  AC 
was  taken  from ;  and  you  have  the  anfwer. 

By 
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Plate  V. 

By  Calculation. 

I.  Making  AC  the  radius,  the  required  fides  are 
found  by  thefe  proportions,  as  in  plate  4.  cafe   i. 

R  :  AC  :  :  S.A  :  BC. 
R  :  AC  :  :  S.C  :  AB. 

i.  e.  As  radius,  90**  10.00000 

is  to  AC,      250  2.39794 

So  is  the  fine  of  A  46°.  30'  9.86056 


to  BC, 

181.  4 

2.2585a 

As  radius, 

is  to  AC, 
So  is  the  fine  of  C 

90° 
250 

43"-  30' 

10.00000 

2-39794 
9.83781 

to  AB, 

172.  I 

2-23575 

If  from  the  fum  of  the  fecond  and  third  logs. 
that  of  the  firft  be  taken,  the  remainder  will  be 
the  log.  of  the  fourth ;  the  number  anfwering  to 
which,  will  be  the  thing  required ;  but  when  the 
firfl  log.  is  radius,  or  10.00000,  rejed  the  firft 
figure  of  the  fum  of  the  other  two  logs,  (which 
is  the  fame  thing  as  to  fubtrad  10.00000  j)  and 
that  will  be  the  log.  of  the  thing  required. 


Making  AB  the  radius. 


Secant  A 
Secant  A 


AC 


R  :  AB. 
T.A  :  BC. 


I.e. 
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i.  e.  As  the  fecant  of  A  46".  30' 

10. 162 1 9 

is  to  AC,             250 
So  is  radius                90° 

2-39794 

10.00000 

12.39794 

to  ABj                 172.  I 

,^'^3575 

As  the  fecant  of  A            46°.  30' 

10.16219 

is  to  AC,                              250 
So  is  the  tangent  of  A      46°.  30' 

2-39794 

10.02275 

12.42069 

toBd,                               181.4 

2.25850 

y.  Making  BC  the  radius i, 

Sec.  C  :  AC  :  :  R  :  BC. 
Sec.  C  :  AC  :  :  T.  C  :  AB. 


i.  e.  As  the  fecant  of  C 
is  to  AC, 
So  is  radius 


43''-  3^        io.13944 

250^         2.39794 

90        10.00000 

12-39794 
181.  4  2.25850 

43^  30'        10.13944 

250       2.39794 

43°-  30'        9-97725 

12-375^9 

171-  i  2.23575 

Or,  having  found  one  leg,  the  other  may  be  ob- 
tained by  cor.  2.  theo.   14.  fe6t.   i. 

By  Gunter*s  Scale. 

On  this  fcale  there  are  lines  of  numbers,  fines, 
M  and 


toBC, 

As  the  fecant  of  C 

is  to  AC, 
'So  is  the  tangent  of  C 


to  AB, 
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and  tangents,  as  well  as  lines  of  fine  and  tangent 
rumbs,  verfed  fines,  meridional  parts,  and  equal 
parts :  but  the  three  firft  lines  are  fufficient  for  our 
prefent  purpofe. 

The  dlvifions  on  thefe  refpedive  lines,  are  the 
logarithms  of  numbers,  fines,  and  tangents,  taken 
from  a  fcale  of  equal  parts,  and  applied  on  the 
lines  of  the  fcale. 

The  firit  and  third  terms  In  the  foregoing  pro- 
portions, being  of  a  like  nature,  and  thofe  of  the 
fecond  and  fourth  being  alfo  like  to  each  other ; 
and  the  proportions  being  direft  ones,  it  follows  ; 
that  if  the  third  term  be  greater  or  lefs  than  the 
firft,  the  fourth  term  will  be  alfo  greater  or  lefs 
than  the  fecond :  therefore  the  extent  in  your 
compaffes,  from  the  firft  to  the  third  term,  will 
reach  from  the  fecond  to   the  fourth. 

Thus,  to  extend  the  firft  of  the  foregoing  pro- 
portions J 

I.  Extend  from  90"  to  46°.  30',  on  the  line  of 
fines  ;  that  diftance  will  reach  from  250  on  the  line 
of  numbers,  to   181,  for  BC. 

1.  Extend  from  90°  to  43".  30',  on  the  line  of 
fines ;  that  dfiftance  will  reach  from  250  on  the  line 
of  numbers,  to  172,  for  AB. 

If  the  firft  extent  be  from  a  greater,  to  a  lefs 
number ;  when  you  apply  one  point  of  the  com- 
paffes to  the  fecond  term,  the  other  muft  be  turned 
to  a  lefs ;  and  the  contrary. 

By  def.  22.  fe6l.  i.  The  fine  of  90"  Is  equal  to 
the  radius;  and  the  tangent  of  45°  is  alfo  equal 
to  the  radius ;    becaufe  if  one  angle   oi   a   right 

angled 
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angled  triangle  be  45**,  the  other  will  be  alfo  45** ; 
and  thence  (by  the  lemma  preceding  theo.  7.) 
fed.  I.)  the  tangent  of  45°  is  equal  to  the  ra- 
dius :  for  this  reafon  the  line  of  numbers  of 
10.00000,  the  fme  of  90°,  and  tangent  of  45°  be- 
in  ••  ail  equal,  terminate  at  the  fame  end  of  the 
fcale ;  where  there  are  fmall  brafs  centers,  ufually 
placed  to  preferve  the  fcale. 

It  was  faid  before,  that  the  tangents  ended  at 
45'^ ;  but  becaufe  the  logarithms  of  tangents  more 
than  450,  mud:  pafs  off  the  fcale ;  fuch  diftances 
therefore,  as  exceed  45^,  are  fet  backwards  from  45, 
and  numbered  50,  60,  70,  Id'c. 

There  is  no  line  of  fecants  on  the  fcale ;  for 
every  thing  requifite  can  be  performed  without 
them. 

Thus  the  two  firfl  flatings  of  this  cafe,  anfwer  the 
queftion  without  a  fecant :  the  like  will  be  alfo 
made  evident  in  all  the  following  cafes. 

CASE       2. 

The  bafe  and  angle  given  ;  to  find  the  perpendicular 
and  hypotheniife. 

Plate  V.  fig.  5. 

In  the  triangle  ABC  there  is  the  angle  A  42°. 
20',  and  of  courfe  the  angle  C  47°.  40'  (by  cor. 
2.  theo.  5.)  and  the  leg  AB  190,  given  j  to  find 
BC  and  AC. 

Geometrically. 

Make  the  angle  CAB  (by  prob.  16.  fed.  i.)  in 
blank  lines,  as  before.  From  a  fcale  of  equal  parts, 
lay  1^0  from  A  to  B  ;  on  the  point  B,  ered  a  per- 
pendicular BC  (by  prob.    5.    fed.    i.)  the  point 

where 


84       PLANE   TRIGONOMETRY, 

where  this  cuts  the  other  blank  line  of  the  angle, 
will  be  C  ;  fo  is  the  triangle  ABC  conftrufted : 
let  AC  and  BC  be  meafured  from  the  fame  fcale 
of  equal  parts  that  AB  was  taken  from,  and  you 
have  the  anfwer. 

By  Calculation. 
I.  Making  AC  the  radius. 


S.  C  :  AB  :  : 
S.  C  :  AB  :  : 

i.  e.  As  the  fme  of  ( 
is  to  AB, 
So  is  radius 

R 

S. 

-^ 

:  AC. 
A  :  BC. 

47°.  40' 
190 

90° 

•^57 

9.86879 
2.27875 

10.00000 

to  AC, 

12.27875 
2.40996 

As  the  fme  of  G  47°.  40'       9.86879 

is  to  AB,  190         2.27875 

So  is  the  fme  of  A      42°.  20'        9.82830 


to  BC, 


17 


J* 


12.10705 
2.23826 


2.  Making  AB  the  radius. 

R  :  AB  :  :  T.  A  :  BC. 

R  :  AB  :  :  Sec.  A  :  AC. 

1.  e..  As  radius  90°    10.00000 

is  to  AB,  190       2.27875 

So  is  the  tangent  of  A  42°.   20'      2.95952 

toBC, 


^7?>' 


As 
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As  radius  90°         10.00000 

is  to  AB,  190  2.27875 

So  is  the  fecant  of  A       420.  20'   10.13121 

to  AC,  257  2.4099<5 


3.  Making  BC  the  radius. 

T.  C  :  AB  :  :  Sec.  C  :  AC. 
T.  C  :  AB  :  :  R  :  BC. 

i.  e.  As  the  tangent  of  C      47°.  40'     10.04048 

is  to  AB,  190  2.27875 

So  is  the  fecant  of  C    47°.  40'     10. 171 70 

12.45045 


to  AC,  257  2.40997 


As  the  tangent  of  C      47°.  40'     10.04048 

is  to  AB,  190  2.27875 

So  is  radius  90°  10.00000 

12.27875 


to  BC,  173.   I  2.23827 

Or,  having  found  one  of  the  required  fides,  the 
Other  may  be  obtained,  by  one  or  the  other  of  the 
cors.  to  theo.   14.  fed.   i. 

By  Gwjter's  Scale. 

I.  When  AC  is  made  the  radius. 

Extend  from  47°.    40',  to   90°  on  the  line  of 

fmesj 
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fines;  that  diftancs  will  reach  from    190  to  257, 
on  the  line  of  numbers,  for  AC. 

2.  When  AB  is  made  the  radius,  the  firft  flat- 
ing  is  thus  performed. 

Extend  from  45°  on  the  tangents  (for  the  tan- 
gent of  45°  is  equal  to  the  radius,  or  to  the  fine 
of  90^,  as  before)  to  42°.  20' ;  that  extent  will 
reach  from  190,  on  the  line  of  numbers,  to  173, 
for  BC. 

3.  When  BC  is  made  the  radius,  the  fecond 
ftating   is  thus   performed. 

Extend  from  47°.  40',  on  the  line  of  tangents, 
to  45°,  or  radius  ;  that  extent  will  reach  from  1 90 
to  173,  on  the  line  of  numbers,  for  BC;  for  the 
tangent  of  47°.  40',  is  more  than  the  radius ; 
therefore  the  fourth  number  mufl  be  lefs  than  the 
fecond,  as  before. 

The  two  firft  ftatings  of  this  cafe,  anfwer  the 
queftion  without  a  fecant. 

CASE      3. 

The  angles  and  perpendicular  given  ;  to  find  the  hafe 
and  hypothenufe. 

Plate  V.  %.  6. 

In  the  triangle  ABC,  there  is  the  angle  A  40^ 
and  confequently  the  angle  C  50°,  with  BC  170, 
given ;  to  find  AC  and  AB. 

Geo- 
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Geometrically,, 

Make  an  angle  CAB  of  40°  in  blank  lines ;  (by 
prob.  16.  fe6l.  i.)  with  BC  170,  from  a  line  of 
equal  parts,  draw  the  popped  lines  EF  parallel  to 
AB  (by  prob.  8.  fet^.  i.)  the  lower  line  of  the 
angle,  and  from  the  point  where  it  cuts  the  other 
line  in  C,  let  fall  a  perpendicular  BC  (by  prob.  7. 
feft  I .)  and  the  triangle  is  conftrufted :  the  mea- 
fures  of  AC  and  AB,  from  the  fame  fcale  that 
BC  was  taken,  will  anfwer  the  queftion. 

What  has  been  faid  in  the  two  foregoing  cafes, 
is  fufficient  to  render  the  operations  i:n  this,  both 
by  calculation  and  Gunter's  fcale,  fo  obvious,  that 
it  is  needleis  to  insert  them  ;  however,  for  the  fake 
of  the  learner,  we  give  for 

Anfwer,  AC  264.  5,  and  AB  202.  6. 

CASE      4. 

The  bafe  and  hypothenufe  given  ;  to  find  the  angles 
and  perpendicular. 

Plate  V.  fig.  7. 

In  the  triangle  ABC,  there  is  given,  AB  300 
and  AC  500 :  the  angles  A  and  C,  and  the  per- 
pendicular BC,  are  required. 

Geometrically, 

From  a  fcale  of  equal  parts,  lay  300  from  A  to 
B  j  on  B  ered  an  infinite  blank  perpendicular  line, 
with  AC  500,  from  the  fame  fcale,  and  one  foot 
of  the  compafs,  in  A,  crofs  the  perpendicular  line 
in  C  J  and  the  triangle  is  ccnflruded. 

By 
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By  prob.  17.  fed.  i.  Meafure  the  angle  A,  and 
let  BC  be  meafured  from  the  fa:me  fcale  of  equal 
parts  that  AC  and  AB  were  taken  fromj  and 
you  have  the  anfwer. 

By  Calculation. 

I.  Making  AC  the  radius.. 

AC  :  R  :  :  AB  :  S.  C. 
R  :  AC  :  :  S.  A  :  BC.  . 

i.  e.  As  AC  500  2.6989^ 

is  to  radius,  90°  lo.ooooO 

So  is  AB  300  2.47712 


12.47712 


to  the  fine  of  C,    36°.  52'  9-77815 


By  cor.    2.    theo.  5.  90°— 36°.  52'  =  53°.  08^ 
the  angle  A. 

As  radius  90°                    10.00000 

is  to  AC,  50D                       2V69897 

So  is  the  fine  of  A  s?>°'  o^'              9-903ol 

to  BC,  400                       2.60198 


2.  Making  IB  the  radius, 

AB  :  R  :  :  AC  :  fee.  A. 
R .:  AB  :  :  T.  A  :  BC. 

i.  e. 
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l  e.  As  AB                    300^ 
is  to  radius,            90° 
So  is  AC                 S^^ 

2.47712 

io.ooooo 

2.69S97 

12.69897 

to  the  fecant  of  A,  5^°,  08' 

10.22185 

As  radius                            90^ 
is  to  AB,                       30(0 
So  is  the  tangent  of  A        5^3°.  08* 

10.00000, 

2.47712 

10.12499 

to  BC^                          40^ 

2.602 1 1 

Or  BC  may  be  found  from  cor.  2;  theo;  14. 

iea.  I. 

J3^  Gunt€r*s  Smki 

i.  Making  AC  the  radius. 

Extend  from  500  to  306,  oji  the  line  of  num- 
bers ;  that  extent  will  reach  from  90",  on  the  line 
of  fines,  to  36^.  52'  for  the  angle  C. 

Again,  Eaitend  from  90°  to  53°.  08',  oh  the 
line  of  fines,  that  eitent  will  reach  from  500  to 
400,  on  the  line  of  numbers,  for  BC 

2.  Making  AC  the  radius,  the  fecond  ftating  is 
thus  performed. 

Extend  from  radius,  or  the  tangent  of  45°,  to 
53°.  08',  that  extent  will  reat:h  from  300  to  400, 
for  BG. 

N  CASH 
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CASE      5. 

Whe  perpendicular  and  hypothenufe  given,  to  find  the 
angles   and  hafe. 

Plate  V.  fig.  8. 

In  the  triangle  ABC  there  is  BC  306,  and  AC 
370,  given ;  to  find  the  angles  A  and  C,  and  the 
bafe  AB. 


Geometrically. 

Draw  a  blank  line  from  any  point,  in  which, 
at  B,  erect  a  perpendicular,  on  which  lay  BC  306, 
from  a  fcale  of  equal  parts :  from  the  fame  fcale, 
with  AC  370,  in  the  compaffes,  crofs  the  firft 
drawn  blank  line  in  A,  and  you  have  the  triangle 
ABC  conflruaed. 

Meafure  the  angle  A  (by  prob.  17.  fe6:.  i.); 
and  alfo  AB,  from  the  fame  fcale  of  equal  parts 
the  other  fides  were  taken  from,  and  you  have  the 
anfwer. 

The  operations  by  calculation,  the  fquare  root, 
and  Gunter's  fcale,  are  here  omitted, -as  they  have 
been  heretofore  fully  explained :  the  ftatings,  or 
proportions  muft  alfo  be  obvious,  from  what  has 
already  been  faid. 

Anfwer.  The  angle  A  ^^^.  48';  therefore  the 
angle  C   34°.   12',  and  AB  208. 

C  J  S  E 
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CAS    E      6. 

The  hafe  and  perpendicular  given  ;  to  find  the  an* 
gles  and  hypothenufe.     . 

Plate  V.  fig.  9. 

In  the  triangle  ABC,  there  is  AB  225,  and  BC 
272,  given;  to  find  the  angles  A  and  C,  and  the 
hypothenufe  AC. 

Geometrically. 

Draw  a  blank  line,  on  which  lay  AB  225,  from 
a  fcale  of  equal  parts  ;  at  B,  ere6l  a  perpendicular  ; 
on  which  lay  BC,  272,  from  the  fame  fcale ;  join 
A  and  C,  and  the  triangle   is   conftrucled. 

As  before,  let  the  angle  A,  and  the  hypothenufe 
AC  be  meafured  j  and  you  have  the  anfw^. 

By  Calculation, 


I .   Making  A  B  the  radius, 

AB  :  R  :  :  BC  :  T.  A. 
R  :  AB  :  :  Sec.  A  :  AC. 


2.  Making  BC  the  radius. 

BC  :  R— .  AB  :  T.  C 
R.  :  BC  :  :  Sec.  C  :  AC. 

By  calculation ;  the  anfwer  from  the  foregoing 
proportions  is  eafily  obtained,  as  before. 

But 
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But  becaufe  AC,  by  either  of  thefaid  proportions. 
Is  found  by  means  of  a  fecant ;  and  fince  there  is 
no  line  of  fecants  on  Gunter*s  fcale ;  after  having 
found  the  angles,  as  before,-  let  us  fuppofe  AC  th© 
radius,  and  then 

I.     S.  A:BC  :  :  R.  :  AC. 
or,  2.     S.  C  :  AB  :  :  R.  :  AC. 

Thefe  proportions  may  be  eafily  refolved,  either 
hy  calculation  or  Gunter*s  fcale,  as  before ;  and 
thus  the  hypothenufe  AC  may  be  found  without  a^ 
fecant. 

From  the  two  given  legs,  the  hypothenufe 
may  be  eafily  obtained,  from  cpr.  i.  theo.  14, 
ieft.   I. 

Thus  the  fquare  of  AB  =*=  50^25 
^dd  the   fquare  pf  3^C  =  73984 

124609(353=^  AG 
9 


3^5 

703)2109 
2109 

From  what  has  befen  faid  on  logarithms,  it  14 
plain, 

I.  That  half  the  logarithm  of  the  fum  of  the 
fquares  of  the  two  fides,  will  be  the  logarithm  of 
the  hypothenufe.     Thus, 

The  fum  of  fquares,  as  before,  is  1 24609 ;  its 
log.  is   5.09554,  the   half  of  which   is    2.54777 ; 

and 
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and  the  correfponding   number  to  this,  in  the  4:a^ 
hies,  will   be  353,  for  AC. 

2.  And  that  half  of  the  logarithm  of  the  dif- 
ference of  the  fquares  of  AC  and  AB,  or  of  AC 
and  BC,  will  be  the  logarithm  of  EC,  or  of  AB. 

The  following  examples  are  inferted  for  the  ufe 
pf  the  learner. 

^.        ■)  the  angle  C  64°.  40'  CAB  .     , 

^  Given,^  \^      4^/^g^g^reqmred, 

^.        7  the  ande  C  47°.  20'  C  AC  .     . 

2,  Given,^  ^^3   ^7     ^^  ^^^  reqmred. 

^.         7  the  angle  C  28°.  30' CAB  .    ^ 

3,  Given,  j         ^gc      27187^  BC  '^^^'^^' 

^.        7  AB     2     C  the  angles  .     , 

4,  Given, ^         AC     3    I    and  BC    '^"^''^' 

^.         7      BC    17        C  the  angles  .     , 

^.  Given,  j     ^c  ^^  g   ^   ^^^  ^3    required. 

^    r^'        7   AB  2871.64  C  theangles  .     , 

6.  Given,  j   gC  3.76,2    ^   and  AC    '^'^"'^- 


The  anfwers  are  omitted,  that  the  learner  may 
refolve  them  himfelf  by  the  foregoing  methods ; 
by  which  means  he  will  find  and  fee  more  diftinftly 
their  mutual  agreements ;  and  become  more  ex- 
pertj  and  the  better  acquainted  with  the  fubjed. 

OBLIQUE 
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OBLIQUE  ANGULAR  PLANE 
TRIGONOMETRY. 

EFORE  we  proceed  to  the  folution  of  the  four 
cafes  of  Oblique  angular  triangles,  it  is  necef- 
fary  to  premife  the  following  theorems. 

T  H  E  0.     I. 

Plate  V. 

In  any  plane  triangle  ABC,  the  fides  are  propor- 
tional to  the  fines  of  their  oppofite  angles,  i.  e.  5'.  C  : 
AB  :  :  S.  A  :  BC,  and  S.  C  :  AB  :  :  S.  B  :  AC; 
€llfo    S.  B  :  AC  :  :  S.  A  :  BC.  fg.    10. 

By  theo.  lo.  feft.  i.  the  half  of  each  fide  is 
the  fine  of  its  oppofite  angle ;  but  the  fines  of 
thofe  angles,  in  tabular  parts,  are  proportional  to 
the  fines  of  the  fame  in  any  other  meafure ;  and 
therefore,  the  fines  of  the  angles  will  be  as  the 
halves  of  their  oppofite  fides :  and  fince  the  halves 
are  as  the  wholes,  it  follows,  that  the  fines  of  their 
angles  are  as  their  oppofite  fides,  i.  e.  S.  C  :  AB 
:  ;  S.  A  :  BC,  ^e.     (^  E.  D. 

THEO.     II. 

In  any  plane  triangle  ABC,  the  fan  of  the  two 
given  fides  AB  and  BQ,  including  a  given  angle  ABC, 
IS  to  their  difference  ;  as  the  tangent  of  half  the  fum 
of  the  two  unknown  angles  A  and  C  is  to  the  tangent 
of  half  their  difference.     Fig.   1 1 . 

Produce 
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Produce  AB  and  make  HB  =  BC,  and  join  HC ; 
let  fall  the  perpendicular  BE,  and  that  will  bifed 
the  angle  HBC  (by  theo.  9.  fed.  i.)  through  B 
draw  BD  parallel  to  AC,  and  make  HF  =DC,  and 
join  BF;  take  BI  =  BA,  and  draw  IG  parallel  to 
BD  or  AC. 

It  is  then  plain,  that   AH   will  be  the  fum,  and 
HI   the  difference  of  the  fides  AB   and  BC:  and 
fmce   HB  =  BC,  and   BE  perpendicular   to  HC, 
therefore   HE=EC    (by  theo.   8.  fed.   i.);  and 
fmce  BA=BI,  and  BD  and  IG  parallel  to  AC,  there- 
fore GD  =  DC==FH,  andcor.fequentlyHG=FD, 
and  ^HG  =  4-FD  or  ED.  Again,  EBC  being  half 
HBC,  will  be   alfo  half  the  fum  of  the  angles  A 
and  C  (by  theo.  4.  fed.    i.)   Alfo,  fmceHB,  HF, 
and  the  included  angle  H,  are   feverally  equal  to 
BC,  CD,  and  the  included  angle  BCD;  therefore 
(by  theo.  6.  fed.   i.)  HBF  =  DBC  =  BCA  (by 
part  2.   theo.  3.  feft.  i.)  and  fmce  HBD  =  A(by 
part  3.  theo.  3.  fed.  i.)  and  HBF=  BCA;  there'- 
fore  BFD   is  the   difference,  and  EBD,  half  the 
difference  of   the  angles  A  and  C :   then   making 
BE  the  radius,  it  is  plain,  that  EC  will  be  the  tan- 
gent of  half  the  fum,  and  ED  the  tangent  of  half  the 
difference  of  the  two  unknown  angles  A  and  C  :  now 
IG  being  parallel  to  AC  ;  AH  :  IH  :  :  CH  :  GH. 
(by  cor.    i.  theo.  20.  fed.  i.)  But  the  wholes  are 
as  their  halves,  i.  e.  AH  :  IH  :  :  CE  :  ED,  that  is, 
,  as   the  fum  of  the  two   fides  AB  and  BC,  is  to 
their  difference ;  fo  is  the  tangent  of  half  the  fum 
of  the  two   unknown  angles  A  and  C,  to  the  tan- 
gent of  half  their  difference.     (^  E.  D. 

T  H  E^  0. 
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Plate  V. 

r  H  E  0.     III. 

In  any  right  lined  plane  triangle  ABB ;  the  bafe 
AD,  ivill  be  to  the  fum  of  the  other  fides,  AB^ 
BD,  as  the  difference  of  thofe  fides,  is  to  the  dif- 
ference of  the  fegments  of  the  bafe,  made  by  the  per- 
pendicular  BE;  viz.  the  difference  between  AE  and 
ED.  -fig,   12. 

Produce  BD,  till  BG  — AB  the  leffer  leg;  and 
on  B  as  a  center,  with  the  diftance  BG  or  BA, 
defcribe  a  circle  AGHF;  which  will  cut  BD,  and 
-AD  in  the  points  H  and  F :  then  it  is  plain,  that 
GD  will  be  the  fum,  and  KD  the  difference  of 
the  fides  AB  and  BD ;  alfo  fince  AE  =  EF  (by 
theo.  8.  fed.  i.)  therefore,  FD  is  the  difference 
of  AE  and  ED,  the  fegments  of  the  bafe  :  but  (b.y 
theo.  17.  fea.  I.)  AD  :  GD  :  :  HD  :  FD;  that 
is,  the  bafe  is  to  the  fum  of  the  other  fides,  as  the 
difference  of  thofe  fides,  is  to  the  difference  of  th^ 
feo-ments  of  the  bafe.     O-  E.  D. 

THEO.     IV. 

If  to  half  the  fum  of  two  quantities,  be  added 
half  their  dfference ;  the  fum  will  be  the  greateft 
of  them :  and  if  from  haf  the  fum  be  fubtraaed 
half  their  differ e^ice ;  the  remainder  will  he  the 
leafi  cf  them.     Fig.   13. 

Let  the  two  quantities  be  reprefented  by  AB_ 
and  BC;  (making  one  continued  line;)  whereof 
AB  is  the  greate^,  and  BC  the  leafl;  bifed  the 
'.vhole  line  AC  in  E ;  and  make  AD  =  BC ;  then 

It 
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it  is  plain,  that  AG  is  the  fum,  and  DB  the  diffe* 
rence  of  the  two  quantities ;  and  AE  or  EC,  their 
half  funi,  and  i3E  or  EB,  their  half  difference.  Now 
if  to  AE  we  addEB,  we  fhall  have  Afe,  the  greateft 
quantity;  and  if  from  EC  we  take  EB,  we  Ihall 
have  BC,  the  leaft  quantity.     (^  E.  D. 

Cori  Hence,  if  from  the  greateft  of  two  quail- 
tities^  we  take  half  the  difference  of  thenij  the 
remainder  will  be  half  their  fum ;  or  if  to  half 
their  difference  be  added  the  leaft  quantity,  their 
fum  will  be  half  the  fum  of  the  two  quantities. 

O  B  L  I  Q^U  E     ANGULAR 
TRIGONOMETRY. 


T 


WO  fides^  and  an  angle  oppojite  to  one  of  them 
giv^  ;  to  find  the  other  angles  and  fide* 


In  the  triangle  ABC,  there  is  given  AB  240,  the 
nngk  A  46°.  30',  and  BC  200  ;  to  find  the  angle  (7,  be^ 
ing  acute,  the  angle  B,  and  the  fide  AC,  fig,  14* 

Geometricdllyi 

Draw  a  blank  line,  on  which  fet  A!lS  246,  froiti 
a.  fcale  of  equal  parts ;  at  the  point  A,  of  the 
line  AB,  make  an  angle  of  46°.  30',  by  an  infi- 
nite blank  line  j  with  BC  200,  from  a  like  fcale  of 
equal  parts  that  AB  was  taken,  and  one  foot  in  B, 
defcribe  the  arc  DC  to  cut  the  iaft  blank  line  in. 
the  points  D  and  C.  Now  if  the  angle  C  had 
beexi  required  obtufe,    lines  from  D  to  B,   and 

O  to 
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to  A,  would  conftitute  the  triangle;  but  as  it  is 
required  acute,  draw  the  lines  from  C  to  B,  and  to 
A,  and  the  triangle  ABC  is  conftrufted.  From 
a  line  of  chords  let  the  angles  B  and  C  be  mea- 
fured ;  and  AC  from  the  fame  fcale  of  equal  parts, 
that  AB  and  BC  were  taken  j  and  you  will  have 
the  anfwer  required. 

By  Calculation. 

This    is   performed  by  theo.    i.    of  this  feet, 
thus  J 

As  BC  200         2.30105 

is  to  the  fine  of  A,  46°.  30'        9.86056 

So  is  AB  240        2.38021 

12.24077 


to  the  fine  of  C,  60°.  31'        9.93974 

180 — the  fum  of  the  angles  A  and  C,  will  give 
the  angle  B;  by  cor.  i.  theo.  5.  kOi.  i. 
A  46°.  30' 
C  60.    31 


180 — 107.  10  =  72°. 

59'=-B.      . 

As  the  fine  of  A 

46°.  30' 

9.86056 

is  to  BC, 

200 

2.30103 

So  is  the  fine  of  B 

7^°.  59' 

9.98056 

12.28159 
to  ACy  263.  7       2.42103 

By 
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By  Gunier^s  Scale, 

Extend  from  200  to  240,  on  the  line  of  num- 
bers ;  that  diftance  will  reach  from  46°.  30'  on  the 
line  of  fmes,  to  60°.  31'  for  the  angle  C. 

Extend  from  46°.  30',  to  72°.  59',  on  the  line  of 
fines ;  that  diftance  will  reach  from  200  to  iS^t-J, 
on  the  line  of  numbers,  for  AC. 

CASE       2. 

Two  angles  and  a  fide  given  ;  to  find  the  other 
fides. 

In  the  triangle  ABC,  there  is  the  angle  A  46^.  30', 
AB  230,  and  the  angle  B  2,7°-  30'?  given,  to  find  AC 
and  BC.  fig.  15. 

Geometrically. 

Draw  a  blank  line,  upon  which  fet  AB  230, 
from  a  fcale  of  equal  parts ;  at  the  point  A  of 
the  line  AB,  make  an  angle  of  46**.  30^  by 
a  blank  line ;  and  at  the  point  B  of  the  line  AB, 
make  an  angle  of  37°.  30',  by  another  blank 
line ;  the  interfedtion  of  thofe  lines  gives  the 
point  C,  fo  is  your  triangle  ABC  conftru6led. 
Meafure  AC  and  BC  from  the  fame  fcale  of  equal 
parts  that  AB  was  taken;  aad  you  have  the  an- 
fwer  required. 

By  Calculation. 

By  (cor.   i.  theo.    5.    fe£l.  i.)    i8o — the  fum 
of  the  angles  A  and  B  =  C 
■i.'  A  46°. 
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A  46°.  30' 
B  37-    3Q 

180° — 84.  00=  96°.  oo'  =  C. 

By  def.  ag.  fe6t.  j.  The  fine  of  96®  =  the 
fine  of  84°,  "which  is  the  fupplement  thereof  j 
therefore  inftead  of  the  fine  of  96°,  look  in  the 
tables  for  the  fine  of  84°. 

By  theo.   i.  of  this  fe£l. 

As  the  fine  of  C  96^.  00'       9.99751 

is  to  AB,  230        2.36173 

So  is  the  fine  of  A  46°.  30'       9.86056 


12.22229 

to  BC^ 

167.8 

2.22468 

As  the  fine  of  C 

is  to  AB, 
So  is  the  fine  of  B 

96°.  00' 
230 

9.99761 
2.36173 

9-7S445 
12.14618 

to  AC, 

140.8 

2.14857 

By  Gunter*s  Scale. 

Extend  from  84°  (which  is  the  fupplement  of 
96°)  to  46°.  30',  on  the  fines ;  that  diftance  will 
reach  from  230  to  168,  on  the  line  of  numbers, 
for  BC. 

Extend 
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Extend  from  84°  to  37°.  30',  on  the  fines ;  that 
extent  will  reach  from  230  to  141,  on  the  line  of 
jiumbers,  for  AG. 

CASE      3, 

Two  fides  and  (i  contained  angle  given ;  to  find 
the  other  angles  and  Jide. 

In  the  triangle  ABC,  there  is  AB  240,  the  angle 
A  36"  40',  and  AC  180,  given;  to  find  the  angles 
C  and  By  and  the  fide  BC.  fig.   i6. 

Geometrically, 

Draw  a  blank  line,  on  which  from  a  fcale  of 
equal  parts,  lay  AB  240 ;  at  the  point  A  of  the 
line  AB,  make  an  angle  of  '7^6°.  40',  by  a  blank 
line;  on  which  from  A,  lay  AC  180,  from  the 
fame  fcale  of  equal  parts ;  meafure  the  angles  C 
and  B,  and  the  fide  BC,  as  before  j  and  you  have 
the  anfwer  required. 

By  Calculation, 

By  cor.  i.  theo.  5.  fe£t.  i.  180 — the  angle 
A  36°.  40'=  143°.  20',  the  fum  of  the  angles  C 
and  B :  therefore  half  of  143°.  20',  will  be  half  the 
fum  of  the  two  required  angles,  C  and  B. 

By  theo.  2.  of  this  fed. 

As  the  fum  of  the  two  fides  AB  and  AC    420 
i§  to  their  difference,  60 

So 
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So  is  the  tangent  of  half  the  fum  of  >  q  , 
the  two  unknown  angles  C  and  B  3  7  ^  *  4o 
to  the  tangent  of  half  their  difference    23°.  20' 

By  theo.  4. 

,    To  half  the  fum  of  the  angles  C  and  B     71°.  40' 
Add  half  their  difference  as  now  found     23.  20 

The  fum  is  the  greateft  angle,  or  ang.  C      95.  00 

Subtrad, and  you  have  the  lead  angle,  or  B  48.  20 


The  angles  C  and  B,  being  found ;  BC  is  had, 
as  before,  by  theo.  i.  of  this  fed,     Thus, 

S.  B  :  AC  :  :  S  :  A  :  BC. 

48®,  20'  1 80  2i^°,  40'  143.  9, 

By  Qunfer's  Scale, 

Becaufe  the  two  firfl  terms  are  of  the  fame 
kind,  extend  from  420  to  60  on  the  line  of 
numbers ;  lay  that  extent  from  45°  on  the  line  of 
tangents,  and  keeping  the  left  leg  of  your  com^ 
paffes  fixed,  move  the  right  leg  to  71°.  40';  that 
dillance  laid  from  45^  on  the  fame  line,  will 
leach  to  23°.  30',  the  half  difference  of  the  re* 
quired  angles.  Whence  the  angles  are  obtainedj 
as  before. 

The  fecond  proportion  may  be  eafily  extended, 
from  what  has  been  already  faid, 

CASE 
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CASE      4, 
Th&JtM'  given,  to  find  the  angles. 

f .  Xn  the  triangle  ABC,  there  is  given,  A B  64,  A C 47, 
2JC34:  the  angles  A,  B,  C,  are  required.  Fig.  17- 

Geometrically. 

The  conftruaion  hereof  mufl  be  manifeft,  from 
prob.  I.  fed.   I. 

By  Calculation. 

From  the  point  C,  let  fall  the  perpendicular 
CD  on  the  bafe  AB;  it  will  divide  the  triangle 
into  two  right  angled  ones,  ADC  and  CBD  j  as 
well  as  the  bafe  AB,  into  the  two  fegments,  AD 
and  DB. 

AC    47 

BC    34 

Sum    8 1 
DiiFerei\c^  .13 


By  theo.  3.  of  this  f^* 

As  the  bafe  or  the  longeft  fide,  AB  64 

is  to  the  fum  of  the  other  fides,  AC  and  B  C,  8 1 

So  is  the  difference  of  thofe  fides  13 

to  the  difference  of  the  fegments  of  7       ^    ^ 

the  bafe  AD,  DB.       -       -        5     '^'^^ 

By 
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By  theo.  4.  of  this  feft. 

To  half  the  bafe,  or  to  half  the  fum? 
of  the  fegments  At)  and  DB  3 

Add  half  their  difference,  now  found,         8^23 

Their  fum  will  be  the  greateft:  fegment  AD    40. 25 

SubtraQ:,  and  their  difference  will  be?     «,  ^7^ 
the  leaft  fegment  DB,       -       -        3     ^■^'^' 

In  the  right  angled  triangle  ADC,  there  is 
AC  47,  and  AD  40.  23,  given,  to  find  the  an- 
gle A. 

This  Is  refolved  by  cafe  4.  of  right  angled  plane 
trigonometry,  thus, 

AD  :  R  :  :  AC  t  Sec.  A. 

40.  23  :  90' :  :  47  •  3i°«  oS' 

Or  it  may  be  had  by  finding  the  angle  A  CD, 
the  complement  of  the  angle  A ;  without  a  fecant> 
thus, 

AC  :  R  :  :  AD  :  S.  ACD. 

47  :  90°  :  :  40.  23  :  58°.  52' 

go — 58=^.  52'=  31".  08',  the  angle  A, 
Then,  by  theo.  i.  of  this  feft. 

BC  :  S.  A  :  :  AC  ;  S.  B. 

34  ;  31^08' ;:  47  •45*' 37'- 

By 
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By  cor.  i.  theo.  5.  feet.  i.  180 — the  fum  of 
A  and  B  =  C. 

A  31°.  08' 
B  45-    37 

180 — -j^.    45=103°.  15',  the  angle  C. 

By  Gunter's  Scale, 

The  firft  proportion  Is  extended  on  the  line  of 
numbers ;  and  it  is  no  matter  whether  you  extend 
from  the  firfl  to  the  third,  or  to  the  fecond  term, 
fmce  they  are  all  of  the  fame  kind :  If  you  extend 
to  the  fecond,  that  diftance  applied  to  the  third, 
will  give  the  fourth  ;  but  if  you  extend  from  the 
firil  to  the  third,  that  extent  will  reach  from  the 
fecond  to  the  fourth. 

The  methods  of  extending  the  other  proportions 
have  been  already  fully  treated  of. 

An   example   in   each   cafe   of   oblique  angular    tri^ 
gono7netry. 

TAG       290  ^  A 

1.  Given,  <     C  69°.  3c' >  B     required. 

CAB       350  )BC 

rC     24°.  2o'^AB 

2.  Given, -<B   128.   30' >         required, 

CAC     3246  )BC 

rAC         6    ^A 

3.  Given,  <  C    i2jl°.  ^c'>B     required. 

CBC    4-5    J  AB 

P  4.  Given, 
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rAB     46^  A 

4.  Given,  <  AC     92  >  B  required. 
CBC     52)  C 

Having  thus  gone  through  plane  trigonometry, 
we  Ihall  now  proceed  to  apply  the  fame,  in  deter- 
mining the  meafures  of  inacceffible  heights  and 
diftances.     And  firft. 


Of 
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THE  inftrument  of  leafl  expence  for  taking 
heights,  is  a  quadrant,  divided  into  90  equal 
parts  or  degrees ;  and  thofe  may  be  fubdivided 
into  halves,  quarters,  or  eighths,  according  to  the 
radius,  or  fize  of  the  inftrument :  its  conftruftion 
will  be  evident  by  the  fcheme  thereof.    (Fig.  18.) 

From  the  center  of  the  quadrant  let  a  plummet 
be  fufpended  by  a  horfe  hair,  or  a  fine  filk  thread, 
of  fuch  a  length  that  it  may  vibrate  freely,  near 
the  edge  of  its  arc :  by  looking  along  its  edge 
AC,  to  the  top  of  the  objed  whofe  height  is  re- 
quired ;  and  holding  it  perpendicular,  fo  that  the 
plummet  may  neither  fwing  from  it,  nor  lie  on  it ; 
the  degree  then  cut  by  the  hair,  or  thread,  will  be 
the  angle  of  altitude  required. 

If  the  quadrant  be  fixed  upon  a  ball  and  focket, 
'  on  a  three-legged  ftafF,  and  if  the  ftem  from  the 
ball  be  turned  into  the  notch  of  the  focket,  fo  as 
to  bring  the  inftrument  into  a  perpendicular  pofi- 
tion,  the  angle  of  altitude  by  this  means,  can  be 
acquired  with  much  greater  certainty. 

An 
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Plate  V. 

An  angle  of  altitude  may  be  alfo  taken  by  any 
of  the  inftruments  ufed  in  furveying ;  as  fhali  be 
particularly  fhewn,  when  we  treat  of  their  defcrip- 
tions  and  ufes. 

Moft  quadrants  have  a  pair  of  fights  fixed  on 
the  edge  AC,  with  fniall  circular  holes  in  them; 
which  are  ufeful  in  taking  the  fun's  altitude,  requi- , 
fite  to  be  known  in  many  aftronomical  cafes ;  this 
is  effefted  by  letting  the  fun's  ray,  which  paifes 
thro'^j;he  upper  fight,  fail  upon  the  hole  in  ih& 
lower  one ;  and  the  degree  then  cut  by  the  thread, 
will  be  the  angle  of  the  fun's  altitude  ;  bu:t  thofe 
fights  are  ufelefs  for  our  prefent  purpofe,  for  look- 
ing along  the  quadrant's  edge  to  the  top  of  the  ob- 
jeft  will  be  fufhcient,  as  before. 

P  R  0  B.     I. 

Plate  V.  fig.   19. 

To  find  the  height  of  a  perpendicular  ohjeB  at  ofrc 
Jlatlon^y  which  is   on  dn  horizontal  plane. 

A  fteepk. 

'The  angle  of  altitude,  $;^  degrees. 
Diflance  from  the  obferver  to  the  foot  of 
Given,  <       the  fleeple,  or  the  bafe,  85  feet. 

Height  of  the  inftrument,  or  of  the  ob- 
ferver, 5  feet. 

Required,  the  height  of  the  fleeple. 

The  figure  is  conftruOed  aiid  wroiighf,  iii  alJ 
refpecLS,  as  cafe  2.  of  right  angled  trigonometry ; 
only  there  mufl  be  a  line  drawn  parallel  to,  and 

beneath 
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Plate  V.  fig.   19. 

beneath  AB  of  5  feet  for  the  obferver's  height,  to- 
reprefent  the  plane  upon  which  the  objecl  fiands ; 
to  which  the  perpendicular  muft  be  continued,  and 
that  wJIl  he  the  height  of  the  objed. 

Thus,  AB  is  the  bafe,  A  the  angle  of  altitude, 
BC  the  height  of  the  ileeple  from  the  inftrument, 
or  from  the  obferver's  eye,  if  he  were  at  the  foot 
of  it ;  DC  the  height  of  the  fteeple  above  the  ho- 
i-izontal  fiirfaee. 

Various  Ratings  for  SC,  as  in  cafe  2.  of  right 
angled  pkne  trigoiiorrietry. 

90"* 

53  =  ^ 

1.  S;  C :  AB  :  :  S.  A  :  BC 

37^       85         530    112.  8. 

2.  R.  :  AB  :  :  T.  A  :  BG. 
90°     §5         SS'^     112.  8. 

3.  T.  C  :  AB  :  :  R,  :  BC. 

37°      85        90°  112.  8. 

To  BC         112.  8 

Add  DB  5.     the  height  of  the  obfer\^er. 

Their  fiim  is  117.  8  or    118    feet,  the  height  df 
the  fteeple  required. 

P  R  0  B. 


no  Of      heights. 

P  R  0  B.     IL 

Plate  V.  fig.  2©.. 

To  find  the  height  of  a  perpendicular  objeSl,  on  an 
horizontal  plane ;  by  having  the  length  of  the  fha- 
dmv  given. 

Provide  a  rod,  or  ftafF,  whofe  length  is  given, 
let  that  be  fet  perpendicular,  by  the  help  of  a  qua- 
drant, thus;  apply  the  fide  of  the  quadrant  AC, 
to  the  rod,  or  llafF;  and  v/hen  the  thread  cuts 
500,  it  is  then  perpendicular ;  the  fame  may  be 
done  by  a  carpenter's,  or   mafon's  plumb. 

Having  thus  fet  the  rod  or  fliaff  perpendicular ; 
jneafure  the  length  of  its  fhadow,  when  the  fun 
ihines,  as  well  as  the  length  of  the  Ihadow  of  the 
objett,  whofe  height  is  required ;  and  you  have 
the  proper  requifites  given.     Thus, 

ab,  the  length  of  the  Ihadow  of  the  flafF,  1 5  feet. 

bcy  the  length  of  the  ftalf,  10  feet. 

•AB,  the  length  of  the  fhadow  of  the  fteeple, 
or  objed,   135  feet. 

Required  BC,  the  height  of  the  objed. 

The  triangles  abc^  ABC,  are  fimilar,  thus: 
the  angle  ^  =  B,  being  both  right ;  the  lines  ac, 
AC  are  parallel,  being  rays,  or  a  ray  of  the  fun ; 
whence  the  angle  «  =  A  (by  part  3.  theo.  3.  fedl. 
».)  and  confequently  <:  =  C.     The  triangles  being 

therefore 
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Ill 


therefore    mutually    equiangular,    are    funilar    (by 
theo.   1 6.  ied:.   i.)  it  will  be, 

ab  :  b-c  :   :  AB  :   BC. 

15  10  135  90.  the  fteeple's  height,  re-^ 
quired. 

The  foregoing  method  is  mod  to  be  depended 
on  J  however,  this  is  mentioned  for  variety  fake. 

P  R  0  B.     III. 

To  take  the  altitude  of  a  perpendicular  objed,  at  the 
foot  of  a  hill,  from  the  hiWs  fide. 

Turn  the  center  A  of  the  quadrant,  next  your 
eye,  and  look  along  the  fide  AC,  or  90  fide, 
to  the  top  and  bottom  of  the  objeft  ;  and  noting 
down  the  angles,  meafure  the  diftance  from  the 
place  of  obfervation  to  the  foot  of  the  objedl. 
Thus, 

r  Angle  to  the  foot  of  the  objecl,  z^^  -i 

^.         J      or   i^c°.    I  c'. 
vjiven  "s  j  j        j 

'  ^  Angle  to  the  top  of  it,  31°^  or  31°.  15^ 

(^  Diftance  to  the  foot  of  it,  250  feet. 
Required,  the  height  of  the  objed. 

Geometrically. 

Draw  an  infinite  blank  line  AD,  at  any  point 
in  which  A,  make  the  angle  EAB  of  ^z^^.  15',  and 
EAC  of  31°.  15';  lay  250  from  A  to  B ;  from  B, 
draw  the  perpendicular  BE  (by  prob.  7.  of  geo- 
metry) croffing  AC  in  C  ;  fo  will  BC  be  the  height 
of  the  objed  required. 

In 
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Flate  'V.  fi^.  21. 
In  the  triano-je  ABC,  there  is  ?^iven, 

ABE  the  complement  of  EAB  to  go°,  which  is 

34^-  45'- 

ACB  the  difference  of  the  given  angles  24°.  00'. 

The  fide  AB,  250.     Required,  BC. 

This    is  performed  as  cafe  2.  of  oblique  angu- 
lar trigonometry.     Thus, 

580— the  fum  of  ABE  34°.  45',  and  CAB  24°, 
oo'  =  ACB   121°.   15'.     then, 

S.  ACB  :  AB  :  :  S.  CAB  i  BC. 

121°.   15'     250        24'^.  00'    1 1 9.  the  height  re-, 
quired. 


P  R  Q  K     IV. 


To  take  the  altitude  of  a  perpendicular  objed,  on  the 
top  of  a  hlll^  at  one  Jlation ;  when  the  top  and  hot" 
torn  of  it  can  ho  fen  from  ths  foot  of  the  hill. 

plate  V.  fif^.  22. 

As  ill  prob.  i.  take  an  angle  to  the  top, 
and  another  to  the  bottoin  of  the  pbjeft ;  and 
meafare  from  the  place  of  obfervation  to  the 
foot  of  the  obje£l,  and  you  have  all  the  given  re-    , 

quifites.     Thus, 

A  tower  on  a  hill. 

r  Angle  to  the  bottom,  48°.  2)^' . 
Given,  <  Angle  to  the  top,  67^'.  00'. 

^piil.  to  the  foot  of  the  objeft,  130  feet.  |j 

Required,  the  heio-ht  of  the  objed. 

"■^   .      LrCO- 
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JPIate  V.  fig.  22. 

Geometrically* 

Make  the  angle  DAB=i48°.  30',  and  lay  136 
feet  from  A  to  B ;  from  B,  let  fall  the  perpendicu- 
lar RD ;  and  that  will  be  the  height  of  the  hill : 
produce  BD  upwards  by  a  blank  line :  again,  at  A 
make  the  angle  D  AC  =  6y°.  00'  by  a  blank  line, 
'and  from  C  where  that  crofles  the  perpendicular  pro- 
duced, draw  the  line  CB,  and  that  will  be  th© 
height  of  the  object  required. 

Let  AC  be  drawn. 

In  the  triangle  ABC,  there  is  given, 

The  angle  A  CD  the  complement   of  DAC=i 
3,1°.  00'. 

CAB   the   difference    between    the   two   given 
angles  =  18°.  30'. 

And  the  fide  AB   136.     To  find  BC» 

S.  C  :  AB  :  :  S.  CAB  :  BC. 

23°      136         18°.   30'    IIO-l. 

If  BD  were  wanted,  it  is  eafily  obtained,  by  the 
lirfl  cafe  of  right  angled  plane  trigonometry. 

P  R  0  B.     \, 

To  take- an  imcccjjlble  -perpendicular  altitude^  en  an 
korizontal  plans. 

Plate  V.  fig.  23. 

This  is  done  at  two  flations,  thus ; 

(^  Let 
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Plate  V.  fig.  23. 

Let  DC  be  a  tower  which  cannot  be  approached, 
by  means  of  a:/mote  or  ditch,  nearer  than  B ;  at 
B,  take  an  angle  of  altitude  to  C :  meafure  any 
convenient  diftance  backward  to  A,  which  note 
down :  at  A,  take  another  angle  to  C  j  fo  have  you 
the  given  requifites,  thus ; 

r  Firfl  angle,  ^^°.  00'. 
Given,  <  Stationary  diftance,  87  feet. 
(^  Second  angle,  27°-  00' • 

The  height  of  the  tower  CD,  is  required. 

Geometrically. 

Upon  an  infinite  blank  line,  lay  off  the  flatfona- 
ry  diftance  87,  from  A  to  B  ;  from  B,  fet  off  your 
firft ;  and  from  A,  yoiu-  fecond  angle :  from  C,  tha 
point  of  interfedion  of  the"  lines  which  form  thefe 
angles,  let  fall  the  perpendicular  CD  ;  and  that  will 
be  the  hdghtof'the  obje«^  required. 

The  external  angle  CBD,  of  the  triangle  ABC ; 
is  equal  to  the  two  internal  oppofite  o^es.  A,  and 
ACB  (by  theo.  4.  feft.  i.)'-  wherefore  if  one  of 
the  internal  oppofite  angles  be  taken  from  the  ex- 
ternal angle ;  the  remainder  will  be  the  other  in- 
ternal oppofite  one,  thus  j 

CBD  55°--A  370-=AeB  18°. 

Therefore  in  the  triangle  AB  C  J  we  have  the 
angles  A,  and  ACB,  with  the  fide  AB  given; 
to  find  BC. 

S.  ACB 
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Plate  V.  fig.  23. 

S.  ACB  :  AB::S.  A:BC. 

18'     87     ^r  169.4 

Having  found  BC,  we  have  in  the  triangle  BCD ; 
the  angle  CBD  55°,  confequently  BCD  35°,  and 
BC  169.4;  to  find  DC. 

This  is  performed  by  cafe  the  firft,  of  right  an- 
gled trigonometry,  three  feveral  ways  j  thus  j 

1.  R:  BC:  :  S.  CBD  :  DC. 

90°  169.4  55°     138.8. 

The  height  required. 

2.  Sec.  CBD  :  BC  :  :  T.  CBD  :  DC. 

55^    169.4  ss""    13S.8. 

The  height  required. 

3.  Sec.  BCD  :  BC  :  :  R  :  CD. 

35Q     169.4    90°  138.  8. 

The  height  required. 

If  BD,  the  breadth  of  the  mote,  were  requir- 
ed; it  may  alfo  be  found,  by  three  different  ftat- 
jngs,  as  in  the  firft  cafe  of  right  angled  plane  tri- 
gonometry. 

P  R  0  B.    VI. 

Plate  V.  fig.  24. 

Let  BC,  a  may-pole,  whofe  lieight  is  100  feet,  be 
broken  at  D ;  the  upper  part  of  which,  DC,  falls 
upon  an  horizontal  plane,  fo  that  its  extremity,  C, 
is  34  feet  from  the  bottom  or  foot  of  the  pole. 

Required,  the  fegments  BD  and  DC. 

Geo^ 


ii6  Qf     H    E    I    G    H    T    b, 

Geometrically. 

Lay  34  feet  from  A  to  B ;  on  B^  ered  the  per- 
pendicular BC  of  ICO  feet;  and  draw  AC:  bifeft 
AG  (by  prob.  4.  fe£t.  i.)  with  the  perpendicular 
line,  EF ;  and  from  D,  where  it  cuts  the  perpendi- 
cular BC,  draw  AD,  which  will  be  the  upppr  feg- 
ment ;  and  DB  will  be  the  lower. 

By  cor.  to  lemma,  preceding  theo.  7.  feet. 
1.  AD  =  DC;  and  (by  the  lemma)  the  angle 
C  =  CAD. 

In  the  triangle  ABC,  find  C,  as  in  cafe  6  of 
right  angled  triganometry,  thus  ; 

1.  BC  rR  :  :  AB  :  T.  C  =  GAD, 

100    90°      34     18''.  47' 

By  theo.  4.  fed.  i .  The  •  external  angle 
ADB=  ^y".  3V,  or  to  twice  the  angle  Q,  i.  e.  to 
C  and  GAD. 

Then  in  the  triangle  ABD,  there  is  ADB  370.  34' 
therefore  alfo  its  complement  DAB  52*^.  26',  and 
AB  34,  given,  to  find  AD  and  AB.     .   ■ 

By  the  fecond  cafe  of  reclangular  trigono- 
metry. 

2.  S.  ADB  :  AB  •  :  R  :  AD  or  DC. 

37°-  34'     34      90°     S5-77' 

BC— DC  =  BD. 

100 — 55.77  =  44.23  required. 

Thefq 
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Thefe  may  be  had  from  other  llatjngs,  as  in  the 
fccond  cafe  aforefaid, 


P  R  0  B,     VII. 

To   take  the  altitude  of  a  perpendicular  objed  on  ^ 
hill,  from  a  plane  beneath  it, 

Plate  V.  fig.  25.  4 

This  is  done  at  two  flations,  thus ; 

Let  the  height  DC,  of  a  wind-niiH  on  a  hill  bo 
Required.  *"" 

From  any  part  of  the  plane  whence  the  foot  of 
the  obje(5l  can  be  feen,  let  angles  be  taken  to  the 
foot  and  top ;  meafure  thance  any  convenient  dif- 
tance  towards  the  objeft,  and  at  the  end  thereof, 
take  another  angle  to  the  top :  and  you  have  the 
proper  requifites,  thus  j 

Firfl  ftation.  Angle  to  the  f<^t  DAB  21".  00'. 
Angle  to  the  top  CAB  'i^f.  qo'. 
Stationary  diftance  AB  104  feet. 

Second  ftation.  Angle  to  the  top  48^  30'', 

DC  required. 

Geometrically. 

Ol!  an  infinite  blank  line,  lay  the  ftationary 
diftance  AB  104  feet;  from  A,  fet  off  the  fccond, 
^nd  from  B,  the  third  given  angle  5  and  from  the 

inter. 
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Plate  V.  fig.  25; 

interfe£ting  point  C  of  the  lines  formed  by  them ; 
let  fall  the  perpendicular  CE :  from  A  fet  off  the 
firft  angle,  and  the  line  formed  by  it  will  deter- 
mine the  point  D.  Thus  have  we  the  height  of 
^he  hill,  as  well  as  that  of  the  wind-mill. 

The  angle  CBE — 4=ACB,  as  in  the  laft  prob. 

In  the  triangle  ABC,  find  AC  thus, 

S. ACB  :  AB  :  :  S.  ABC  (or  fup.  of  CBE)  :  AC 

13".  30':  104  :  :  131°.  30'  :  333-6 

The  angle  CAE— DAE=CAD. 
The  angle  ADC=AED+EAD,  by  theo.  4. 
In  the  triangle  CAD,  find  CD  thus, 

S.ADC  :  AC   :  :  S.CAD  :  DC 

111°   :  333.6:  :       14       :  86.46  required. 


CE,  BE,  or  DE,  may  be  found  by  other  varlouB 
fl:atings,  as  fet  forth  in  the  firft  and  fecond  cafes  of 
reftangular  trigonometry. 


PROB. 
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Plate  V.  fig.  2&. 

P  R  0  B,    VIII. 

To  find  the  length  of  an  objeSl,  that  Jlands  ohliqu^y 
on  the  top  of  a  hill,  from  a  plane  beneath. 

Let  CD  be  a  tree  whofe  length  is  required. 

This  is  done  at  two  flations. 

Make  a  ftation  at  B,  from  whence  take  an  angle 
to  the  foot,  and  another  to  the  top  of  the  tree; 
meafure  any  convenient  diftance  backward  tp  A^ 
from  whence  alfo  let  an  angle  be  taken  to  the  foot, 
and  another  to  the  top ;  and  you  have  the  requi- 
fites  given.     Thus, 

Firfl  ftation.     Angle  to  the  fdot  E BD  =  'i^^''.  30'. 
Angle  to  the  top  EBC=^44^  30'- 
Sationary  diftance  AB=io4  feet. 

Second  ftation.  Angle  to  the  foot  E  AD = 24*.  30*- 
Angleto  the  top  EAC=32°.  00'. 

Let  DC  and  DE  be  required. 

The  geometrical  conftrudlions  of  this  and  the 
next  problem  are  omitted ;  as  what  has  been  alrea- 
ly  faid,  and  the  figures  are  looked  upon  as  fuffici- 
fint  helps. 

EBC— A=ACB,or  44°.  30'-- 32^  =  12''.  30',  as 
before. 

in 
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Plate  V.  fig.  26.  . 

In  the  triangle  ABC,  find  BC.     Thus  j 

1.  S.ACB:  AB  ;  :  S.  A  :  BC. 

12°.  30'  104         32°  254-7. 

EBD— EAD=ADB,or  36°.  30'— 24".  3o'=i2''oc/,- 
In  the  triangle  ADB,  find  DB.     Thus  j 

2.  S.  ADB  :  AB  :  :  S.  DAB  :  DB. 

12°.  00'       104  ■       24°.  30'     207.4 

CBE— DBE=CBD,or  44°.  30'— 36°.  30'=  8°.  00'. 

4   In  the  triangle  CBD  there  is  given,  CB  254.7, 
DB  207.4,  and  the  angle  CBD  8°.  00'  j  to  find  DC. 

This  is  performed  as  cafe  3,  of  oblique  angular 
trigonometry,  thus ; 

3.  BC  +  BD  :  BC— BD  :  :  T.  of  \  BDC+BCD  : 

A62.1.         47.3  86°.  00' 

T.  of  V  BDC— BCD. 

55°.4o'. 

86".  oo'+55°.  4o'=I4I^  40'=  BDC. 
g6*.  00'— 55°.  40=30".  2o'=BCD. 

4.  S.  BCD  :  BD  :  :  S.  CBD  :  DC. 

30°. 20'     207.4       8°.  00'     57.15  length   of 
the  tree. 

To  fmd  DE,  in  the  triangle  DBE. 

Say  R.  :  BD  :  :  S.  DBE  :  DE. 

90"     207.4       '^6''.  30'  ]r23.4   height   of   the 
hill. 

P  R  0  B, 
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P  R  0  B.     IX. 


To  find  the  height  of  an  inaecejjihle  ohjeB  CD,  on  S 
hill  BC,  from  ground  that  is  not  horitontah 


Plate  VI.  fig.  I. 


From  any  two  points,  as  G  and  A,  whofe  dif- 
tance  G  A,  is  meafured,  and  therefore  given  ;  let  the 
angles  HGD,  BAD,  BAG,  and  EAG,  be  taken: 
becaufe  GH  is  parallel  to  EA  (by  part  2.  theo.  3. 
fed.  i.)theangleHGA  =  EAG;  therefore  EAG 
+  HGD  =  AGD:  and  (by  cor.  i.  theo.  i.  fed. 
I.)  180— the  fum  of  EAG  and  BAD  =  GAD : 
and  (by  cor.  i.  theo.  5.  fed.  1.)  i So— the  fum. 
of  the  angles  AGD  and  GAD  =  GDA :  thus  we 
have  the  angles  of  the  triangle  AGD,  and  the 
fide  AG,  given ;  thence  (by  cafe  2.  of  obi.  trig.) 
AD  may  be  eafily  found.  The  angle  DAB— CAB 
=DAC,  and  90°— BAD  =  ADC ;  and  1800— the 
fum  of  DAC  and  ADC  =  ACD :  fo  have  we  the 
feveral  angles  of  the  triangle  ACD  given,  and 
the  fide  AD ;  whence  (by  cafe  2.  of  obi.  trig.)  CD 
may  be  eafily  found.  We  may  alfo  find  AC,  which 
with  the  angle  BAG,  will  give  CB,  the  height  of 
ihe  hill. 

The  folutions  of  the  feveral  problems  in  heights 
and  diflances,  by  Gunter's  fcale,  are  omitted ;  be- 
caufe every  particular  dating  has  been  already 
iliewn  by  it,  in  the  red^ngular  and  oblique  an- 
gular trigonometry. 

R  Of 


Of    distances. 


ANY  of  the  inftruments  ufed  in  furveying, 
will  give  you  the  angles  or  bearings  of 
lines ;  which  will  be  particularly  Ihewn,  when  wc 
come  to  treat  of  them. 


P  R  0  B.    L 

Plate  VI.  fig.  2. 

Let  A  and  B  be  two  houfes  on  one  fide  of  a 
Tiver,  whofe  diftance  afunder  is  293  perches : 
there  is  a  tower  at  C  on  the  other  fide  of  the 
river,  that  makes  an  angle  at  A,  with  the  line 
AB  of  53°.  20' ;  and  another  at  B,  with  the  line 
B  A  of  66°.  20' :  required  the  diftance  of  the  tow- 
er from  each  houfe,  'viz.  AC  and  BC. 

This  is  performed  as  cafe  2.  of  oblique  angled 
trigonometry,  thus ; 

1.  S.  C  :  AB  :  :  S.  A  :  BC. 

60°,  20'  293     53°.  20'  270.5.  '■"' 


2,  S.  C  :  AB  :  :  S.  B  :  AC. 

60°.  20'  293  66°.  20'  308.8. 


P  R  0  B. 
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F  R  0  B,    II. 

Plate  VI.  fig .   II. 

Let  B  and  C,  be  two  houfes  whofe  dired  dif- 
tance  afunder,  BC,  is  inacceffible :  however  it  is 
known  that  a  houfe  at  A,  is  252  perches  from 
B,  and  230  from  C  ;  and  that  the  angle  BAG, 
is  found  to  be  70°.  What  is  the  diflance  BC,  be- 
tween the  two  houfes  ? 

This  is  performed  as  cafe  3.  of  oblique  angular 
trigonometry,  thus ; 

1.  AB  +  AC  :  AB— AC  :  :  T.  of  |  C  +  B  : 

482  22  55°.  00' 

T.,  ofj-C— B 
3°-  44' 

55°  +  3°-  44'=58"-  44'=C.  55°— 3°-  44 —51°- 
16  =B. 

2.  S.  C  :  AB:  :  S.  A  :  BC. 

58°.  44'  252         70°     277. 

P  R  0  B.    III. 

Plate  VI.  fig.  3. 

Suppofe  ABC  a  triangular  piece  of  ground, 
which  by  an  old  furvey  we  find  to  be  thus : 
AB  260,  AC  160,  BC  150  perches:  the  mearing 
lines  AC  and  BC,  are  deftroyed  or  plowed  down, 

and 
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aj.d  the  line  AB,  only  remaining.  What  angles 
mull  be  fet  off  at  A  and  B,  to  run  new  mearings  by, 
exaftly  where  the  old  ones  were  ? 

This  is  performed  as  in  cafe  4.  of  oblique  angled 
trigonometry,  thus  5 

1.  AB  :  AC-^BC  :  :  AC— BC  :  AD— DB, 

260         310  10  11.92. 

130 +  5.96=  135.96= AD, 

130 — 5.96=  i24.o4=DB. 

2.  AD  :  R  :  :  AC  :  Sec.  A. 

136  90"^  :  :  160    31°.  47',  .   ^_ 

3.  BC  :  S.  A  :  :  AC  :  S.  B.  .1 

150  31°.  47'     160  34°.  10. 

P  R  0  B.    IV. 

Plate  VI.  f.g.  4- 

Let  D  and  C,  be  two  trees  In  a  bog,  to  which 
you  can  have  no  nearer  accefs  than  at  A  and  B : 
there  is  given,  DAB  100°,  CAB  36°.  30',  CBA 
121°,  DBA  49°,  and  the  line  AB  113  perches* 
Required,  the  diflances  of, the  trees  DC. 

180='— thefum  of  DBAandDAB  =  ADB=3i°. 
1 8o'=>— thefum  of  CAB  and  CBA=ACB=22.  30. 

In  the  triangle  A BD,  findDB,  thus; 


I,  S.  ADB  :  AB  :  S.  DAB  :  DB. 

31°       1 13  •  •   100°     216. 


An(J 


Of    D   I   S  T   A  N   C   E   S.  125 

And  the  triangle  ABC,  find  BC,  thus ; 

2.  S.  ACB  :  AB  :  :  S.  CAB  :  BC. 

22°.  30'     113       36°.  30'  175.6. 

In  the  triangle  DBC,  you  have  DBC  =  ABC— 
ABD  =  72°  ;  likewife  the  fides  BD,  BC,  as  before 
found,  given  to  find  DC. 

3.  BD+BC  :  BD— BC  :  ;  T.  of^DCB+CDB: 

391.6  40.4  54° 

T.  ofi-DCB— CDB. 

8°.  05'. 

54°+  8°.  05'=  62°.  o5'=DCB. 
54°— 8°.  05' =45°- 55'= GDB. 

4.  S.  CDB  :  BC  :  :  S.  DBC  :  DC. 

45°-  55    ^75'^  72°  232.5. 

'•  LEMMA. 

Plate  VI.  fig.  10. 

If  from  a  point  C,  of  a  triangle  ABC,  infcrihed 
In  a  circle,  there  be  a  perpendicular  CD  let  fall 
upon  the  oppojite  fide  AB ;  that  perpendicular  is  t& 
one  of  the  fides,  including  the  angle,  as  the  other  fide, 
including  the  angle,  is  to  the  diameter  of  the  circle, 
\.  e.  DC  :  AC  :  :  CB  :  CE. 

Let  the  diameter  CE  be  drawn  and  join  EB; 
It  is  plain  the  angle  CEB  =  CAB  (by  cor.  2.  theo. 
7.  fe6t.  I.)  and  CBE  is  a  right  angle  (by  cor.  5. 
theo.    7.  fed,    i.)  and=ADC:  whence  ECB  = 

ACD. 


126  Of    D   I   S   T   A   N   C   E   S. 

ACD.^  The  triangles  CEB,  CAD,  are  therefore 
mutually  equiangular,  and  (by  theo.  i6.  fed.  i.) 
DC  :  AC  : :  CB  :  CE,  or  DC  :  CB  :  :  AG  :  CE. 
q,E.  D. 

P  R  0  B,     V. 

Plate  VI.  %.  5. 

,  Let  three  gentlemens'  feats.  A,  B,  C,  be  fituatc 
in  a  triangular  form :  there  is  given,  AB  2.  5 
miles,  AC  2.  3,  and  EC  2.  It  is  required  to  build 
a  church  at  E,  that  fhall  be  equi-diflant  from  the 
feats  A,  B,  C.  What  diftance  mufl  it  be  from 
each  feat,  and  by  v/hat  angle  may  the  place  of  it 
be  found  ? 

Geometrically. 

By  prob.  15.  fed.  i.  Find  the  center  of  a  cir- 
cle that  will  pafs  through  the  points  A,  B,  C ; 
and  that  will  be  the  place  of  the  church ;  the 
meafure  of  which,  to  any  of  thefe  points,  is  the 
anfwer  for  the  diftance :  draw  a  line  from  any  of 
the  three  points  to  the  center,  and  the  angle  it 
makes  with  either  of  the  fides  that  contain  the 
angle  it  was  drawn  to  ;  that  angle  layed  off  by 
the  direftion  of  an  inftrument,  on  the  ground, 
and  the  diftance  before  found,  being  ranged  there-  .| 
on,  will  give  the  place  of  the  church  required. 

By  Calculatio7i. 

I.  AB  :  AC  +  BG  :  :  AC— BC  :  AD— DB. 
2.5  4.3  .3  .516. 

i.25+.258  =  i.5o8=AD. 

By 
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By  cor.  2.  theo.  14.  fedt.  i.  The  fquare  root 
of  the  difterence  of  the  fquares  of  the  hypothe- 
nufe  AC,  and  given  leg  AD,  will  give  DC. 

i.  e.  5.29 — 2.274064=3.015935. 

Its  fquare  root  is  i.736  =  CD. 

Then  by  the  preceding  lemma, 

2.  CD  :  AC  :  :  CB  :  the  diameter. 
1.736  2.3         2         2.65. 

the  half  of  which,  viz.  1.325  is  the  femi-diameter, 
or  diftance  of  the  church  from  each  feat,  that  is, 
AE,  CE,  BE. 

From  the  center  E,  let  fall  a  perpendicular  upon 
any  of  the  fides,  as  EF,  and  it  will  bifed  in  E : 
(by  theo.  8.  feft.   i.) 

Wherefore  AF=CF==|-AC=  1. 15. 

In  the  right  angled  triangle  AFE,  you  have 
AF  1. 1 5,  and  AE  the  radius  1.325  given,  to  find 
FAE,  thus; 

3.  AF  :  R.  :  :  AE  :  Sec.  FAE. 

1. 15  90°     1.325     29°.  47'.  '      " 

Wherefore  direding  an  inftrument  to  make  an 
angle  of  29°.  47',  with  the  line  AC ;  and  mea- 
furing  1.325  on  that  line  of  direftion,  will  give 
the  place  of  the  church,  or  the  center  of  a  circle 
that  will  pafs  through  A,  B,  and  C. 

The 
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The  above  angle  FAE,  may  be  had  without  a 
fecant,  as  before,  thus ; 

AE  :  R.  :  AF  :  S.  AEF. 
1.325   90°   1. 15    60°.   13' 

Its  complement  29°.  47',  will  give  FAE,  as  be* 
fore. 

The  queftions  that  may  be  propofed  on  this 
head,  being  innumerable,  we  have  chofen  to  give 
only  a  few  of  the  mofl  ufeful. 


Of 


^.0^0- 


SECT.      IIL 


Cont dining  a  particular  Defcription  of  the  fez>eral  In- 
Jiruments  ufed  in  Surveyings  with  their  refpe^iive 
Ufes.     Andfirji, 


Of    the   chain. 


THE  fiatlonary  diftance,  or  mearings  of  ground, 
are  meafured  either  by  Mr.  Gunter's  chain 
of  four  poles  or  perches,  which  confifts  of  loo 
links ;  (and  this  is  the  moft  natural  divifion)  or 
by  one  of  50  links,  which  contains  two  poles  or 
perches :  but  becaufe  the  length  of  a  perch  differs 
in  many  places,  therefore  the  lengths  of  chains  and 
their  refpeftive  links  will  differ  alfo. 

The  Englijh  Jlatute-perch  is  ^\  yards,  the  two- 
pole  chain  is  1 1  yards,  and  the  four-pole  one  13 
22  yards :  hence  the  length  of  a  link  in  a  ftatute- 
chain  is  7.92  inches. 

There  are  other  perches  ufed  in  different  parts  of 
England,  as  the  perch  of  wood-land  meafure,  which 
is  6  yards  ;  that  of  church-land  meafure,  which  is  7 
yards  (or  the  fame  with  the  plantation  perch)  and 
the  foreji  meafure  perch  which  is  8  yards. 

S  Thfi 
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■  The  Irijh  or  plantation  perch  is  7  yards,  as  be- 
fore; the  two-pole  chain  is  14;  and  the  four= 
pole  one  is  28  yards:  hence  the  length  of  a  plan- 
tation chain  is   10.08  inches. 

The  Scotch  perch  is  184-  feet,  or  6-^  yards,  or  6 
Scot's  ells.  In  the  fhire  of  Cunningham  in  Scotland^ 
their  perch  is  18^  feet,  and  this  perch  is  ufed  in  fome 
few  places  in  the  north  part  of  this  kingdom,  as  the 
llatute  perch  is  in  fome  other  parts. 

For  the  more  ready  reckoning  the  links  of 
four-pole  chain,  there  is  a  large  ring,  or  fome- 
times  a  round  piece  of  brafs  fixed  at  every  i  o!| 
links;  and  at  50  links,  or  in  the  middle,  there' 
are  two  large  rings*  In  fuch  chains  as  have  a  brafs 
piece  at  every  10  links,  there  is  the  figure  i  on 
the  firll  piece,  2  on  the  fecond,  3  on  the  third,  ^r. 
to  9.  By  leading  therefore  that  end  of  the  chain 
forward,  which  has  the  lead  number  next  it,  be 
who  carries  the  hinder  end  may  eafily  determine 
any  number  of  links:  thus,  if  he  has  the  brafs  ' 
piece  number  8,  next  to  him,  and  6  links  more 
in  a  diftance,  that  diilance  is  86  links.  After 
the  fame  manner  10  may  be  counted  for  every 
large  ring  of  a  chain  which  has  not  brafs  pieces 
.  on  it ;  and  the  number  of  links  is  thus  readily 
determined. 

The  two-pole  chain  has  a  large  ring  at  every 
10  links,  and  in  its  middle,  or  at  25  links,,  there 
are  2  large  rings ;  fo  that  any  number  of  link^ 
may  be  the  more  readily  counted  ofl,  as  before. 

The  furveyor  fliould  be  careful  to  have  his  chain 
meafured  before  he  proceeds  on  bufmefs,  for  the 

rings 
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rings  are  apt  to-  be  opea  by  frequent  ufing  it,  and 
its  length  is  thereby  increafed,  fa  that  UQ  one  qaA 
be  too  circumfped  in  this  point. 

In  meafurlng  a  ftationary  diftance,  there  is  an. 
objed  fixed  in  the  extreme  point  of  the  Hne  to  be 
meafured ;  this  is  a  diredion  for  the  hinder  chain- 
man  to  govern  the  foremoft  one  by,  in  order  that 
the  diftance  may  be  meafured  in  a  right  Hne ;  for 
if  the  hinder  chainman  caufes  the  other  to  cover  the 
objed,  it  is  plain  the  foremoft  is  then  in  a  right 
Hne  towards  it.  For  this  reafon  it  is  necelfary  tp 
have  a  perfon  that  can  be  reHed  on,  at  the  hinder 
end  of  the  chain,  in  order  to  keep  the  foremoft 
man  in  a  right  Hne ;  and  a  furveyor  v/ho  has  no 
fuch  perfon,  (hould  chain  himfelf.  The  inaccuracies 
of  moft  furveys  arife  from  bad  chaining,  that  is, 
from  ftraying  out  of  the  right  Hne,  as  well  as  from 
other  omiiTions  of  the  hinder  chainman :  no  per- 
fon, therefore,  fliould  be  admitted  at  the  hinder 
end  of  the  chain,  of  whofe  abiHties  in  this  refped, 
the  furveyor  was  not  previoufly  fatisfied  and  con- 
vinced ;  fmce  the  fuccefs  of  the  furvey,  in  a  great 
meafure,  depends  on  his  care  and  fkill, 

In  fetting  out  to  meafure  any  ftationary  diftance, 
the  fore  man  of  the  chain,  carries  with  him  10  iron 
pegs  pointed,  each  about  ten  inches  long ;  and  when 
he  has  ftretched  the  chain  to  its  full  length,  he 
at  the  extremity  thereof,  fticks  one  of  thofe  pegs 
perpendicularly  in  the  ground;  and  leaving  it 
there,  he  draws  on  the  chain  till  the  hinder  man 
checks  him  when  he  arrives  at  that  peg:  the 
chain  being  again  ftretched,  the  fore  man  fticks 
down  another  peg,  and  the  hind  man  takes  up  the 
former;  and  thus  they  proceed  at  every  chain's 
,  length  contained  in  the  line  to  be  meafured, 
countincr  the  furplu?  links  C9ntained  between  the 
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laft  peg,  and  the  object  at  the  termination  of  the 
line,  as  before :  fo  that  the  number  of  pegs  taken 
up  by  the  hinder  chainman,  expreffes  the  number 
of  chains ;  to  which,  if  the  odd  Hnks  be  annexed^ 
the  dillance  Une  required  in  chains  and  links  is 
o'':^tained,  which  muft  be  regiflered  in  the  field  book^ 
as  will  hereafter  be  fhewn. 

If  the  diflance  exceeds  lo,  20,  30,  'ks'c.  chains, 
when  the  leader's  pegs  are  all  exhaufted,  the  hind- 
er chamman,  at  the  extremity  of  the  16  chains, 
delivers  him  all  the  pegs ;  from  whence  they  pro- 
ceed to  meafure  as  before,  till  the  leader's  pegs 
are  again  exhaufted,  and  the  hinder  chainman  at 
the  extremity  of  thefe  10  chains  again  delivers 
him  the  pegs  ;  from  whence  they  proceed  to  mea- 
fure the  whole  diflance  line  in  the  like  manner ; 
then  it  is  plain,  that  the  number  of  pegs  the  hind- 
er chainman  has,  being  added  to  10,  if  he  had 
delivered  all  the  pegs  once  to  the  leader,  or  to  20  if 
twice,  or  to  30  if  thrice,  '<5'c.  will  give  the  number 
of  chains  in  that  diflance ;  to  which  if  the  furplus 
links  be  added,  the  length  of  the  flationary  dif*' 
tance  is  known  in  chains  and  links. 

It  is  cuflomary,  and  indeed  neceffary,  to  have  red, 
or  other  coloured  cloth  fixed  to  the  top  of  each' 
peg,  that  the  hinder  man  at  the  chain  may  the 
more  readily  find  them  ;  otherwife,  in  chaining  thro* 
corn,  high  :  grafs,  briars,  rufhes,  potatoes,  'ts'c.  it 
would  be  extremely  difficult  to  find  the  pegs  which 
the  leader  puts  down :  by  this  means  no  time  is 
loft,  which  otherwife  muft  be,  if  no  cloths  are  fixed 
to  the  pegs,  as  before.     - 

It  will  be  neceffary  here  to  obferve,  that  all  flant, 
or  inclined  furfaces,  as  fides  of  hills,  are  meafured 
horizontally,  and  not  on  the  plane  or  furface  oi_ 
the  hill,  and  is  thus  elTecled : 
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plate  VIII.  fig.  4. 

Let  ABC  be  a  hill,  the  hindmoft  chalnman  is 
to  hold  the  end  of  the  chain  perpendicularly  over 
the  point  A  (which  he  can  the  better  efFeft  with  a 
plummet  and  line,  than  by  letting  a  ftone  drop, 
which  is  mofl  ufual)  as  d  is  over  A,  while  the 
leader  puts  down  his  peg  at  e:  the  eye  can  direct 
the  horizontal  pofition  near  enough,  but  if  greater 
accuracy  were  required,  a  quadrant  applied  to  the 
chain,  would  fettle  that.  In  the  fame  manner  the 
reft  maybe  chained  up  and  down;  but  in  going 
ciown  it  is  plain  the  leader  of  the  chain  muft  hold 
up  the  end  thereof,  and  the  plummet  thence  fuf- 
pended,  will  mark  the  point  v/here  he  is  to  ftick  his 
peg.  The  figure  is  fafficient  to  render  the  whole 
evident;  and  to  Ihew  that  the  fum  of  the  chains 
will  be  the  horizontal  meafure  of  the  ba|e  of  the 
liill;  for  cIe=Ao,  fg=op,  >6/=j^^,  &c.  therefore 
de-\-fg4-bi,  &c.  =Ao+op+pq,  &c.  ==AC,  the 
bafe  of  the  hill.  If  an  whole  chain  cannot  be  car- 
ried horizontally,  half  a  one,  or  lefs,  may,  and  the 
fum  of  thefe  half  chains,  or  links,  will  give  the 
tafe,  as  before. 

It-  -■      ' 

If  the  inclined  fide  of  the  hill  be  a  plane  furface, 
the  angle  of  the  hill's  inclination  may  be  taken, 
and  the  flant  height  may  be  meafured  on  the  fur- 
face ;  and  thence  (by  cafe  i.  of  right  angled  trigo- 
nometry) the  horizontal  line  anfwering  to  the  top, 
may  be  found  ;  and  if  we  have  the  angle  of  inclina- 
tion given  on  the  other  fide,  with  thofe  already 
given  ;  we  can  find  the  horizontal  diftance  acrofs 
the  hill,  by  cafe  2.  of  oblique  trigonometry. 

All  inclined  furfaces  are  confidered  as  horizontal 
ones ;  for  all  trees  which  grow  upon  any  inclined 
^  furface. 


/ 


134  Oe    the     chain. 

furface,  do  not  grow  perpendicular  thereto,  but  to 
the  plane  of  the  horizon:  thus  if  Ad,  ef,  gh^  &c. 
were  trees  on  the  fide  of  a  hill,  they  grow  per- 
pendicular to  the  horizontal  bafe  AC,  and  not  to 
the  furface  AB :  hence  the  bafe  will  be  capable  to 
contain  as  many  trees  as  are  on  the  furface  of  the 
hill,  which  is  manifefl  frorn  the  continuation  of 
them  thereto.  And  this  is  the  reafon  that  the  area 
of  the  bafe  of  a  hill,  is  confidered  to  be  equal  in 
value  to  the  hill  itfelf. 

Befides,  the  irregularities  of  the  furfaces  of  hills 
in  general  are  fuch,  that  they  would  be  found  im- 
poffible  to  be  determined,  by  the  mod  able  mathema- 
tician. Certain  regular  curve  furfaces  have  been  in- 
veftigated  with  no  fmall  pains,  by  the  moft  eminent : 
therefore  an  attempt  to  determine  in  general  the  in- 
finity of  irregular  furfaces  which  offer  themfelves  to 
our  view,  to  any  degree  of  certainty,  would  be  idle 
and  ridiculous,  and  for  this  reafon  alfo,  the  hori- 
zontal area  is  only  attempted. 

Again,  if  the  circumjacent  lands  of  a  hill  be 
planned  or  mapped,  it  is  evident  we  (liall  have  a  plan 
of  the  hill's  bafe  in  the  middle  :  but  were  it  poffible 
to  put  the  hill's  furface  in  lieu  thereof,  it  would  ex- 
tend itfelf  into  the  circumjacent  lands,  and  render, 
the  whole  an  heap  of  confufion :  fo  that  if  the  fur- 
faces of  hills  could  be  determined,  no  more  tha^ 
.  the  bafe  could  be  mapped. 

Roads  are  ufually  meafured  by  a  wheel  for  that 
purpofe,  to  which  there  is  fixed  a  machine,  at  the 
^nd  v/hereof  there  is  a  fpring,  which  is  flruck 
by  a  peg  in  the  wheel,  once  in  every  rotation ;  by 
this   means    the   number   of  rotations   is   known. 

If 
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If  fuch  a  wheel  were  3  feet  4  inches  in  diameter, 
one  rotation  would  be  lo^  feet,  which  is  half  a 
plantation  perch  ;  and  becaufe  320  perches  make  a 
mile,  therefore  640  rotations  will  be  a  niile  alfo: 
and  the  machinery  is  fo  contrived,  that  by  means 
of  a  hand,  which  is  carried  round  by  the  work,  it 
points  out  the  miles,  quarters,  and  perches,  or  fprne- 
times  the  miles,  furlongs,  and  perches. 

Or  roads  may  be  meafured  by  a  cliain  more 
accurately;  for  80  four-pole,  160  two-pole  chains, 
or  320  perches,  make  a  mile  as  before :  and  if 
roads  are  meafured  by  a  ftatute  chain,  it  will 
give  you  the  miles  Englifh,  but  if  by  a  plantati- 
on chain,  the  miles  will  be  Irifh.  Hence  an  En^ 
glifh  mile  contains  1760,  and  an  Irifh  mile  2240 
yards;  and  becaufe  14  half  yards  is  an  Irifh,  and 
1 1  half  yards  is  an  Englifh  perch,  therefore  i  i 
Irifh  perches,  or  Irifh  miles,  are  equal  to  14  Eng- 
glifh  ones. 

Since  fonie  furveys  are  taken  by  a  four-pole, 
and  others  by  a  two-pole  chain ;  and  as  ground 
for  houfes  is  meafured  by  feet,  we  will  fhew  how 
to  reduce  one  to  the  other,  in  the  following  pro- 
blems. 

PROS,     I. 

To    reduce   two-pole  chains    and  links    to   four- 
pole  ones. 

■■» 

If  the  number  of  chains  be  even,  the  half  of 
them  will  be  the  four-pole  ones,  to  which  annex 
the  links  given,  thus, 

I.  In 
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Ch.        L. 

1.  In  16.  37  of  two-pole  chains,  how  many 
JFour-pole  ones  ? 

Ch.      L. 

Anfwer  8.    jt?* 

But  if  the  number  of  chains  be  odd,  take  the 
half  of  them  for  chains,  and  add  50  to  the  links, 
and  they  will  be  four-pole  chains  and  links,  thus,; 

Ch.       L.  ^  .      .      .     ' 

2.  In  17.  42  of  two-pole  chains,  how  many 
four-pole  ones  ? 

Ch.       L. 

Anfwer  8.    92; 


P  R  0  B.    II. 

To   reduce   four-pole    chains  and    links,  to  twoJ 
pole  ones. 

Double  the  chains,  to  which  annex  the  links,  if 
they  be  lefs  than  50 ;  but  If  they  exceed  50,  dou- 
ble the  chains,  add  i  to  them,  and  take  50  from 
the  links,  and  the  remainder  will  be  the  links, 
thus, 

Ch.      L. 

I.  In  8.    2)7   °^  four-pole  chains,   how  many 
2  two-pole  ones  ? 

16  :^7 


2, 
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Ch.  L. 

i.  In  8.  82    of  four-pole    chains,   how  many 

•2.  50       two-pole  ones  ? 


17.    32  Anfwer. 


P  R  0  B.     III. 

To  reduce  four-pole  chains  and  links,  to  perches 
and  decimals  of  a  perch. 

The  links  of  a  four-pole  chain  are  decimal 
parts  of  it,  each  link  being  the  hundredth  part  of 
a  chain ;  therefore  if  the  chains  and  links  be  mul- 
tiplied by  4  (for  4  perches  are  a  chain)  the  product 
will  be  the  perches  and  decimal  parts  of  a  perch. 
Thus, 

«- 

ch.        L. 

How  many  perches  in  13.  64  of  four-pola 
chains  ?  4 


Anfwer  54.    ^6  perches. 


P  R  0  B.    lY. 

To  reduce  two-pole  chains  and  links,  to  perches 
and  decimals  of  a  perch. 

They  may  be  reduced  to  four-pole  ones  (by 
prob.  I.)  and  thence  to  perches  and  decimals  (by 
the  lafl.)  or, 

T  If 
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If  the  links  be  multiplied  by  4,  carrying  one 
to  the  chains,  when  the  links  are,  or  exceed  25  ; 
and  the  chains  by  2,  adding  one,  if  occafion  be : 
the  produft  will  be  perches,  and  decimals  of  a 
perch.     Thus, 

Ch.       L. 

I.  In  17.    21   of  two-pole  chains,    how  many 
2r      4  perches? 

Anfwer    34.    84  perches^ 


Ch.        L. 

2.  In   15.    38     of  two-pole  chains,  how  many 
2.      4  perches  ? 


Anfwer    31.    52  perches. 


P  R  0  B.     V. 

To  reduce  perches,  and  decimals  of  a   perch,   to 
four-pole  chains  and  linksr 

Divide  by  4,  and  cut  two  decimals  from  the 
quotient,  and  that  will  be  four-pole  chains  and 
links.     Thus, 

In  31.  52  perthes,  how  many  four-pole  chains 
and  links  ? 

Ch.      L. 

4)31.52(7.    88  Anfwer. 


52 

P  R  0  B, 
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P  R  0  B,     VI. 

To  reduce  perches   and   decimals  of  a  perch,  to 
two-pole  chains  and  links. 

The  perches  may  be  reduced  to  four-pole  chains 
(by  the  laft)  and  from  thence  to  two-pole  chains 
(by  prob.  2.)  or, 

Divide  the  whole  number  by  2,  the  quotient 
will  be  chains ;  to  the  remainder  annex  the  given 
decimals,  and  divide  by  4,  the  laft  quotient  will 
be  the  links.     Thus, 

In  31.52  perches,  how  many  two-pole  chains 
and  links? 

Ch.      L. 

2)31.52(15.    38  Anfwer. 
II 

4)152(38 
32 


PROB.     VII. 

To  reduce  chains  and  links,  to  feet  and  decimal 
parts  of  a  foot. 

If  they  be    two-pole   chains,    reduce   them  to 
four-pole  ones:  (by  prob.  i.)  thefe  being  multi- 
plied 
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plied  by  the  feet  in  a  four-pole  chain,   will  give 
the  feet,  and  decimals  of  a  foot.     Thus, 

Ch.        L. 

In  1 7.    2 1   of  two-pole  chains,  hov/  many  feet ;' 

Ch.       L. 

8.    71  of  four-pole  chains. 
66  feet  =  i  chain. 


5226  Feet.     Inches. 

5226      Anfwer   574.    107, 


Feet  574.86 
12 


Inches     io.'i2 


J) 


1.28 

P  R  0  B.     VIII. 

To  reduce  feet  and  inches  to  chains  and  links. 

Reduce  the  inches  to  the  decimal  of  a  foot,  and 
annex  that  to  the  feet ;  that  divided  by  the  feet 
in  a  four-pole  chain,  will  give  four-pole  chains 
and  links  in  the  quotient :  thefe  may  be  reduced 
to  two-pole  chains  and  links,  if  required,  by  prob. 
2.     Thus, 

Feet.  Inches. 

Tn    217.    9    how  many  two-pole  "chains? 
I2)9.®c(.75  the  decimal  of  9  inches. 

60 
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Ch.      L. 

66)217.75(3.    29  of  four-pole  chains,  or 
197 

—  Ch.      L. 

6^5  6.    29  of  two-pole  chains. 


61 


How  to  take  a  Survey  by  the  Chain 
only. 


P  R  0  B.    I. 

To  furvey  a  piece  of  ground,  by  going  round  it, 
and  the  method  of  taking  the  angles  of  the 
field,  by  the  chain  only. 

Plate  VI.  fig.  5. 

Let  ABCDEFG   be   a    piece   of  ground   to 
be  furveyed :  beginning   at  the  point  A,  let  one 
chain  be  laid  in  a  direft  line  from  A  towards  G, 
where  let  a  peg  be  left,  as  at  c  ;  and  again,  the  like 
diftance  from  A  in  a  direft  line  towards  B,  where 
another  peg  is  aifo  to  be  left,  as  at  d :  let  the  dif- 
tance  from  d  to  c  he  meafured,  and  placed  in  the 
field-book,  in    the   fecond  column  under  the  de- 
nomination of  angles,  in  a  line  with  flation  No.,  i  ; 
and  in  the   fame  line  under  the  title  of  diitances, 
in  the  third  column,  let  the  meafure  of  the  line 
AB  in  chains  and  links  be  inferted.     Being  now- 
arrived  at  B,  let  one  chain  be  laid  in  a  dired  line 
froni  B  towards  A,  where  let  a  peg  be  left,  Jit  /, 

and 
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and  again,  the  like  diftance  from  B  in  a  direft  line 
towards  C,  where  let  alfo  another  peg  be  left,  as  at 
€  ;  the  diftance  from  ^  to  /  is  to  be  inferted  in  the 
field-book,  in  the  fecond  column,  under  angles, 
in  a  line  with  ftation  No.  2  ;  and  in  the  fame  line, 
under  the  title  of  diftances  in  the  third  column, 
let  the  meafure  of  the  line  BC,  in  chains  and  links, 
be  inferted :  after  the  fame  manner  we  may  proceed 
from  C  to  D,  and  thence  to  E  ;  but  becaufe  the  an- 
gle at  E,  vi-z.  FED,  is  an  external  angle,  after 
having  laid  one  chain  from  E  to  /?,  and  to  ^,  the 
diftance  from  g  to  h  is  meafured,  and  inferted  in 
the  column  of  angles,  in  a  line  with  ftation  No.  5. 
and  on  the  fide  of  the  field-book  againft  that  fta- 
tion, we  make  an  afterilk,  thus  *,  or  any  other 
mark,  to  fignify  that  to  be  an  external  angle,  or 
one  meafured  out  of  the  ground.  Proceed  we 
then  as  before,  from  E  to  F,  to  G,  and  thence  to  A, 
meafuring  the  angles  and  diftances,  and  placing 
them  as  before,  in  the  field-book,  oppofite  to  their 
refpeftive  ftations ;  fo  will  the  field-book  be  com- 
pleted in  manner  following. 

N.  B.  After  this  manner  the  angles  for  inac- 
ceflible  diftances  may  be  taken,  and  the  method 
of  conftrufting  or  laying  them  down,  as  well  as 
the  conftruftion  of  the  map,  from  the  following 
field-notes,  muft  be  obvious  from  the  method  of 
taking  tliem. 

The  form  cf   the  field-book,  with  the  title. 

A  field-book  of  part  of  the  land  of  Grange,  in 
the  parifti  of  Portmarnock,  barony  of  Coolock, 
and  county  of  Dublin ;  being  part  of  the  eftate 
of  L.  P.  efq;  let  to  C.  D.  farmer.  Surveyed 
January  10,  1788. 

Taken 
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Taken  by  a  four-pole  chain. 


Remarks. 

No. 
Sta. 

Angles. 
Ch.  L. 

Diftances. 
Ch-   L. 

Mr.  J.  i)'s  part  of  Grange 

Mr.  L.  P's  part  of  Portmarnock 

Itrand 

* 

Widow  J.  G*s  part  of  Grange 

I 
2 

3 

4 

5 

6 

7 

Clof( 

1.80       17.65 
1.79       18.50 
1.76       28.00 
1.4 1 Y    20.00 

i.87i  14.83 
1. 14     19.41 
1.89     24.53 

;  at  the  firft  flation. 

The  fignification  of  the  remarks. 

Mr.  J.  D's  part  of  Grange  bounds,  or  is  adjacent 
to  the  furveyed  land  from  the  firft  to  the  third  fta- 
tion  :  Mr.  L.  P's  part  of  Portmarnock  bounds  it  from 
the  third  to  the  fourth  ftation  ;  the  ftrand  then  is  the 
boundary  from  thence  to  the  fixth,  and  from  the 
fixth  to  the  firft  ftation,  the  widow  J.  G's  part 
of  Grange  is  the  boundary. 

It  is  abfolutely  neceffary  to  infert  the  perfons 
names,  and  town-lands,  ftrands,  rivers,  bogs,  ri- 
vulets, i&c.  which  bound  or  circumfcribe  the  land 
which  is  furveyed^  for  thefe  muft  be  exprefled  in 
the  map. 

In  a  furvey  of  a  town-land,  or  eftate,  it  is 
fufficient  to  mention  only  the  circumjacent  town- 
lands,  without  the  occupiers  names ;  but  when  a 
part  only  of  a  town-land  is  furveyed,  then  it  is 
neceffary  to  infert  the  perfon  or  perfons  names, 

whg 
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who  hold  any  particular  parcel  or  parcels  of  fucll 
town-land,  as  bound  the  parts  furveyed. 

When  an  angle  is  very  obtufe,  as  mofl;  in  our 
prefent  figure  are,  viz.  the  angles  at  A,  B,  C, 
E,  and  G  ;  it  will  be  beft  to  lay  a  chain  from  the 
angular  point  as  at  A,  on  each  of  the  containing  fides 
to  c  and  to  d ;  and  any  where  nearly  in  the  middle, 
of  the  angle  as  at  e:  meafuring  the  diftances  ce 
and  ed ;  and  thefe  may  be  placed  for  the  angle  in 
the  field-book.     Thus, 


No.     Sta.        Angle.  Difl. 

Ch.  L.  Ch.   L. 


\:°ol}     '7-^5 


For  when  an  angle  is  very  obtufe,  the  chord 
line,  as  cd,  will  be  nearly  equal  to  the  radii  Ac 
and  Ad ;  fo  if  the  arc  cedhe  fwept,  and  the  chord 
line  cd  be  laid  on  it,  it  will  be  difficult  to  deter- 
mine exactly  that  point  in  the  arc  where  cd  cuts 
it :  but  if  the  angle  be  taken  in  two  parts,  as  ce 
and  ed ;  fuch  chords  may  with  fafety  be  laid  on 
the  arc,  and  the  angle  thence  may  be  truly  deter- 
mined and  conlfructed. 

After  the  fome  manner  any  piece  of  ground  may 
be  furveyed  by  a  two-pole  chain. 

PROS.     II. 

To  take  a  furvey  of  a  piece  of  ground  from  any 
point  within  it,  from  whence  ail  the  angles  can 
be  feen ;  by  the  chain  only. 

Let 
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Plate  VI.  fig;  6. 

Let  a  mark  be  fixed  at  any  point  in  the  ground, 
as  at  H,  from  whence  all  the  angles  can  be  feen  ^ 
let  the  meafiires  of  the  lines  HAj  HB,  HC,  &c, 
be  taken  to  every  angle  of  the  field  from  the  point 
H;  arid  let  thole  be  placed  oppofite  to  No.  1,  2, 
3,  4,  &€.  in  the  fecond  column  of  radii :  the 
meafures  of  the  refpeftive  lines  of  the  mearing, 
•viz.  AB,  BC,  CD,  DE,  &c.  being  placed  in  the 
third  column  of  diftances,  will  complete  the  field- 
book.     Thus, 


Remarks. 

No. 

Radii. 
Ch.    L. 

Diftances. 
Ch.  L. 

I 

20.00 

17*65 

2 

21.72 

18.50 

3 

21.74 

28.00 

4 

25-34 

20.00 

5 

17.20 

14.83 

6 

29.62 

19.41 

7  , 

21.20 

24.53. 

Clofe  at  the  firft  ftation.       | 

if  any  line  of  the  field  be  inacceffible,  as  fup- 
pbfe  CD  to  bcj  then  by  way  of  proof  that  the 
diflance  CD  is  true,  let  the  meafure  of  the  angle 
CHD  be  taken  by  the  line  00,  with  the  chain:  if 
this  angle  correfponds  with  its  containing  fides,  the 
length  of  the  line  DC  is  truly  obtained,  and  the 
whole  work  is  truly  taken* 

Note,  That  in  letting  off  an  angle  it  is  necef- 
fary  to  ufe  the  largeft  fcale   of  equal  parts,  viz, 

U  that 
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that  of  the  inch,  which  is  diagonally  divided  into 
I  oo  parts,  in  order  that  the  angle  fhould  be  ac- 
curately laid  down ;  or  if  two  inches  were  thus 
divided  for  angles,  it  would  be  the  more  exaO: ; 
for  it  is  by  no  means  neceflary  that  the  angles 
fliould  be  laid  from  the  faid  fcale  with  the  ila- 
tionary  diftances. 


P  R  0  B.    III. 

To  take  a  furvey  by  the  chain  only,  when  all  the 
angles  cannot  be  feen  from  one  point  within. 

Plate  VI.  %.  7. 

Let  the  ground  to  be  furveyed  be  reprefented  by 
I,  2,  3,  4,  <^c.  Since  all  the  angles  cannot  be  feen 
from  one  point,  let  us  afliime  3  points,  as  A,  B,  C, 
from  whence  they  may  be  feen ;  at  each  of  which 
Jet  a  mark  be  put,  and  the  refpeftive  fides  of  the 
triangle  be  meafured  and  fet  down  in  the  field- 
pook ;  let  the  diftances  from  A  to  i ,  and  from  B 
ko  I,  be  meafured,  and  thefe  will  determine  the 
point  I  ;  let  the  other  lines  which  flow  from  A,  B, 
C,  as  well  as  the  circuit  of  the  ground,  be  then 
meafured  as  the  figure  directs  j  and  thence  the 
map  may  be  eafily  conftrud:ed. 

There  are  other  methods  which  may  be  ufed ; 
as  dividing  the  ground  into  triangles,  and  mea- 
furing  the  3  fides  of  each ;  or  by  meafuring  the 
bafe  and  perpendicular  of  each  triangle.  But  this 
we  fhall  fpeak  of  hereafter. 

P  R  0  B, 
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P  R  0  B.     IV. 

How  io  take  any  inacceffibk  dijlance  by  the  chain  only, 

Plate  VIII.  fig.  8. 

Suppofe  AB  to  be  the  breadth  of  a  river,  or  any 
other  inacceflible  diftance,  which  may  be  required. 

Let  a  jflafF  or  any  other  obje6l  be  fet  at  B, 
draw  yourfelf  backward  to  any  convenient  diftance 
C,  fo  that  B  may  cover  A :  from  B,  lay  off  any 
other  diftance  by  the  river's  fide  to  E,  and  com- 
plete the  parallelogram  EBCD:  ftand  at  D,  and 
caufe  a  mark  to  be  fet  at  F,  in  the  direftion  of 
A;  meafure  the  diftance  in  links  from  E  to  F, 
and  FB  will  be  alfo  given.  Wherefore  EF  :  ED 
:  :  FB  :  AB.  Since  it  is  plain  (from  part  2.  theo. 
3.  feft.  I.  and  theo.  2.  fed.  i.)  the  triangles  EFD, 
BFA,  are  mutually  equi-angular. 

If  part  of  the  chain  be  drawn  from  B  to  C,  and 
the  other  part  from  B  to  E  ;  and  if  the  ends  at  E 
and  C  be  kept  faft,  it  will  be  eafy  to  turn  the  chain 
over  to  D,  fo  as  to  complete  a  parallelogram ;  by 
reckoning  off  the  fame  number  of  links  you  had 
in  BC,  from  E  to  D,  and  pulling  each  part  ftraight. 

OF 


OF     THE 

CIRCUMFERENTOR, 


THIS  inftrument  is  compofed  of  a  brafs  cir- 
cular box,  about  five  or  fix  inches  in  diame- 
ter ;  within  which  is  a  brafs  ring,  divided  on  the 
top  into  360  degrees,  and  numbered  lo,  20,  30, 
'&C.  to  360 :  in  the  center  of  the  box  is  fixed  a 
fteel  pin  finely  pointed,  called  a  center-pin,  on 
which  is  placed  a  needle  touched  by  a  loadflone, 
which  always  retains  the  fame  fituation ;  that  is,  it 
always  points  to  the  North  and  South  points  of  the 
horizon  nearly,  when  the  inftrument  is  horizontal, 
and  the  needle  at  reft. 

^he  bo:?:  is  covered  with  a  glafs  lid,  in  a  brafs 
rim,  to  prevent  the  needle  being  difturbed  by 
wind  or  rain,  at  the  time  of  furveying :  there 
is  alfo  a  brafs  lid  or  cover,  which  is  laid  over 
the  former  to  preferve  the  glafs  in  carrying  the  ifi? 
ftrument. 

This^box  is  fixed  by  fcrews,  to  a  brafs  index, 
or  ruler,  of  about  14  or  15  inches  in  length,  to 
the  ends  whereof  are  fixed  brafs  fights,  which  are 
fcrewed  to  the  index,  and  ftand  perpendicular 
thereto :  in  each  fight  is  d,  large  and  a  fmall  aper- 
ture, or  ilit,  one  over  the  other;  but  thefe  are 
changed,  that  is,  if  the  large  aperture  be  uppermoft 

in 
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in  the  one  fight,  it  will  be  lowed  in  the  other,  and 
fo  of  the  fmall  ones :  therefore  the  fmall  aperture 
in  one  is  oppofite  to  the  large  one  in  the  other ;  in 
the  middle  of  which  laft,  there  is  placed  a  horfe 
hair,  or  fine  filk  thread. 

The  inftrument  is  then  fixed  on  a  ball  and  fock- 
et ;  by  the  help  of  which  and  a  fcrew,  you  can  rea- 
dily fix  it  horizontally  in  any  given  direction ;  the 
focket  being  fixed  on  the  head  of  a  three-legged 
ilaiF,  whofe  legs  when  extended,  fupport  the  inftru- 
ment, whilft  it  is  ufed. 

How  to  take  ^eld-notes  by  the  circ-umferentor. 

Plate  VI.  fig,  6r 

Let  your  inftrument  be  fixed  at  any  angle,  as  A, 
your  firft  ftation ;  and  let  a  perfon  ftand  at  the  next 
angle  B,  or  caufe  a  ftaif,  with  a  white  fheet  to 
be  fet  there  perpendicularly  for  an  objeft  to  take 
your  view  to :  then  having  placed  your  inftrument 
horizontally  (which  is  eafily  done  by  turning  the 
box  fo,  that  the  ends  of  the  needle  may  be  equi- 
diftant  from  its  bottom,  and  it  traverfes  or  plays 
freely)  turn  the  flower-de-luce  or  north  part  of 
the  box  to  your  eye,  and  looking  through  the 
fmall  aperture,  turn  the  index  about,  till  you  cut 
the  perfon  or  objed  in  the  next  angle  B,  with 
the  horfe  hair,  or  thread  of  the  oppofite  fight : 
the  degrees  then  cut  by  the  fouth  end  of  the 
•needle,  will  give  the  number  to  be  placed  in  the 
fecond  column  of  your  field-book  in  a  line  with 
ftation  No.  i,  and  exprelTes  the  number  of  de- 
grees the  ftationary  line  is  from  the  north,  counting 
quite  round  with  the  {^dn. 

Moft 
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Moft  needles  are  pointed  at  the  fouth  end,  and 
have  a  fmall  ring  at  the  north :  fuch  needles  are 
better  than  thofe  which  are  pointed  at  each,  end,  be- 
caufe  the  furveyor  cannot  miflake  by  counting , to  a 
wrong  end  ;  which  error  may  be  frequently  connhit- 
ted,  in  ufmg  a  two-pointed  needle. 

Two-pointed  needles  have  fometimes  a  ring-, 
but  more  ufually  a  crofs  towards  the  north  end ; 
and  the  fouth  end  is  generally  bearded  towards  its 
extremity,  and  fometimes  not,  but  its  arm  is  a 
naked  right  line  from  the  cap  at  the  center. 

Having  taken  the  degrees  or  bearing  of  the 
firfl  ftationary  line  AB,  let  the  line  be  meafured, 
and  the  length  thereof  in  chains  and  links  be,  in- 
ferted  in  the  third  column  of  your  field-bdok, 
under  the  title  of  dillances,  oppofite  to  flation 
No.  I. 

It  is  cuftomary,  and  even  neceffary,  to  caufe  a  fod 
to  be  dug  up  at  each  flation,  or  place  where  you  fix 
the  inftrument ;  to  the  end,  that  if  any  error  fhould 
arife  in  the  field-book,  it  may  be  the  more  readily 
adjufted  and  corrected,  by  trying  over  the  former 
bearings  and  flationary  diflances. 

Having  done  with  your  firfl  flation,  fet  the  in- 
flrument  over  the-  hole  or  fpot  where  your  objed 
flood,  as  at  B,  for  your  fecond  flation,  and  fend 
him  forv/ard  to  the  next  angle  of  the  field,  as  at 
C ;  and  having  placed  the  inflrument  in  an  hori- 
zontal direftion,  with  the  fights  direded  to  the 
objeft  at  C,  and  the  north  of  the  box  next  your 
eye,^count  your  degrees  to  the  fouth  end  of  the 
^iieedle,   which  regiiler  in  your  field-book,  in  the 

fecond 
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fecond  column  oppofite  to  Hatlon  No.  1 ;  then 
meafure  the  ftationary  diftance  BC,  which  infert 
in  the  third  column,  and  thus  proceed  from  angle 
to  angle,  fending  your  objed  before  you,  till  you 
return  to  the  place  where  you  began,  and  you 
will  have  the  field-book  complete;  obferving  al- 
ways to  fignify  the  parties  names  who  hold  the  con- 
tiguous lands,  and  the  names  of  the  town-lands, 
rivers,  roads,  fwamps,  lakes,  &c.  that  bound  the 
land  you  furvey,  as  before ;  and  this  is  the  man- 
ner  of  taking  field-notes  by  what  are  called  fore- 
fights. 

But  the  generality  of  mearfmen   frequently  fet 
themfelves  in  difadvantageous  places,  fo  as  often  to 
occafion  two  or  more  ftations  to  be  made,  where  one 
may  do,  which   creates   much  trouble  and   lofs  of 
time :  we  will  therefore  fhew  how  this   may  be  re- 
medied,  by    taking   back-fights,    thus:    let    your 
objeft  ftand  at  the  point  where  you  begin  your  fur- 
vey, as  at  A ;  leaving  him  there,  proceed  to  your 
next  angle  B,  where  fix  your  infl:rument  fo,  that 
you  may  have  the  longeft  view  pofTible  towards  C. 
Having  fet  the  inflrument  in  an  horizontal  pofition, 
turn  the  fouth  part  of  the  box  next  your  eye,  and 
having  cut  your  objed  at  A,  reckon  the  degrees 
to  the  fouth   point   of  the  needle,  which  will  be 
the    fame    as  if   they   were   taken  from    the  ob- 
jed  to  the   infl;rument,  the  diredion  of  the  index' 
being  the  fame.     Let   the  degree  be   inferted   in 
the   field-book,    and    the    ftationary    diftance   be 
meafured  and  annexed  thereto,  in  its  proper  co- 
lumn; and  thus  proceed   from  ftation  to  ftation^ 
leaving  your  objed  in  the  laft  point  you  left,  till 
you  return  to  the  firft  ftation  A. 

By 
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By  this  method  your  flations  are  laid  out  to  the 
beft  advantagCj  and  two  men  may  do  the  bufmefs 
of  three,  for  one  of  thofe  who  chain,  may  be  your 
©bjeft ;  but  in  fore-fights,  you  muft  have  an  ob~ 
je6t  before  you,  befides  two  chairimen. 

It  was  faid  before,  that  a  furveyor  fiiould  have  a 
perfon  with  him  to  carry  the  hinder  end  of  the 
chain,  on  whom  he  can  depend :  this  perfon  fhould 
be  expert  and  ready  at  taking  off-fets,  as  well  as  ex- 
ad  in  giving  a  faithful  return  of  the  length  of  eve- 
ry ftationary  line.  One  who  has  fuch  a  perfon,  and 
who  ufes  back-fights,  will  be  able  to  go  over  near 
double  the  ground  he  could  at  the  fame  time,  by 
taking  fore-fights.  But  if  a  furveyor  has  no  fuch 
perfon  on  whom  he  can  with  fafety  depend,  he  muft 
take  fore-fights,  becaufe  of  overfeeing  the  chain- 
ing ;  for  Ihould  he  take  back-fights,  he  muft  be 
obliged,  after  taking  his  degree,  to  go  back  to  the 
foregoing  ftation,  to  overfee  the  chaining,  and  by 
this  means  to  vv^alk  three  times  over  every  linear 
which  is  a  flavery  not  to  be  borne. 

Or  a  back  and  a  fore-fight  may  be  taken  at 
one  ftation,  thus  j  with  the  fouth  of  the  box  to 
your  eye,  obferve  from  B  the  object  A,  and  fet 
down  the  degree  in  your  field-book,  cut  by  the 
fouth  end  of  the  needle.  Again,  from  B  obferve 
an  objecl  at  C,  with  the  north  of  the  box  to  your 
eye,  and  fet  down  the  degree  cut  by  the  fouth 
point  of  the  needle,  fo  have  you  the  bearings  of 
the  lines  AB  and  BC;  you  may  then  fet  up  your 
inftrument  at  D,  from  whence  take  a  back-fight 
to  C,  and  a  fore-fight  to  E  ;  thus  the  bearings 
may  be  taken  quite  round,  and  the  ftationary  dif- 
tances  being  annexed  to  them,  wdil  complete  the 
field-book. 

But 
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But  in  this  laft  method,  care  muft  be  taken  to 
fee  that  the  fights  have  not  the  leail  caft  on  either 
fide ;  if  they  have,  it  will  deflroy  all :  and  yet 
with  the  fame  fights  you  may  take  a  furvey 
by  fore-fights,  or  by  back-fights  only,  with  as 
great  truth  as  if  the  fights  were  ever  fo  ered,  pro- 
vided the  fame  call  continues  without  any  altera- 
tion;  but  upon  the  whole,  back-fights  only  will  be 
found  the  readied  method. 

If  your  needle  be  pointed  at  each  end,  in  taking 
fore-fights,  you  may  turn  the  north  part  of  the 
box  to  your  eye,  and  count  your  degrees  to  the 
fouth  part  of  the  needle,  as  before  ;  or  you  may 
turn  the  fouth  of  the  box  to  your  eye,  and  count 
your  degrees  to  the  north  end  of  the  needle. 

But  in  back-fights  you  may  turn  the  north  of 
the  box  to  your  eye,  and  count  your  degrees  to 
the  north  point  of  the  needle ;  or  you  may  turn 
the  fouth  of  the  box  to  your  eye,  and  count  your 
degrees  to  the  fouth  end  of  the  needle. 

The  brafs  ring  in  the  box  is  divided  on  the 
fide  into  360  degrees,  thus ;  from  the  north  ta 
the  eafl  into  90,  from  the  north  to  the  weft  into 
90,  from  the  fouth  to  the  eaft  into  90,  and  from 
the  fouth  to  the  weft  into  90  degrees ;  fo  the 
degrees  are  numbered  from  the  north -to  the  eai't 
or  weft,  and  from  the  fouth  to  the  eaft  or 
weft. 

The  manner  of  ufing  this  part  of  the  inftrument 
is  this ;  having  direded  your  fights  to  the  object, 
whether  fore  or  back,  as  before  ;  obferve  the  two 
cardinal  points    of  your  compafs   the  point   o'  the 

X  needle 
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needle  lies  between  (the  north,  fouth,  eaf!,  and 
weft  being  called  the  four  cardinal  points,  and  are 
graved  on  the  bottom  of  the  box)  putting  down 
thofe  points  together  by  their  initial  letters,  and 
thereto  annexing  the  number  of 'degrees,  counting 
from  the  north  or  fouth,  as  before,  thus ;  if  the 
point  of  your  needle  lies  between  the  north  and 
eaft,  north  and  weft,  fouth  and  eaft,  or  fouth 
and  weft  points  in  the  bottom  of  the  box,  then 
put  down  NE,  NW,  SE,  or  S  W,  annexing  there- 
to the  number  of  degrees  cut  by  the  needle  on  the 
iide  of  the  ring,  counting  from  the  north  or 
fouth,  as  before. 

But  if  the  needle  point  exadlly  to  the  north, 
fouth,  eaft,  or  weft,  you  are  then  to  write  down 
N,  S,  E,  or  W,  without  annexing  any  degree. 

This  is  the  manner  of  taking  field-notes,  where- 
by the  content  of  ground  may  be  univerfally  deter- 
mined by  calculation ;  and  they  are  faid  to  pe 
taken  by  the  quartered  compafs,  or  by  the  four 
nineties.  -        ■  > 

To  find  tide  number  of  degrees ^  contained  in  any  ghen 
angle. 

Set  up  your  inftrument  at  the  angular  point, 
and  thence  direct  the  fights  along  each  leg  of  the 
angle,  and  note  down  their  refpective  bearings  as 
before ;  the  difference  of  thefe  bearings,  if  lefs 
than  1 80,  will  be  the  quantity  of  degrees  contain- 
ed in  the  given  angle ;  but  if  more,  take  it  from 
360,  and  the  remainder  will  be  the  degrees  con- 
tained in  the  given  angle. 

OF 


OF     THE 
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THEODOLITE. 


THIS  inftrument  is  a  circle,  commonly  of 
brafs,  of  ten  or  twelve  inches  in  diajmeter, 
•whofe  limb  is  divided  into  360  degrees,  and  thofe 
again  are  fubdivided  into  fmaller  parts  as  the  mag- 
nitude of  it  will  admit ;  fometimes  by  equal  divi- 
fions,  and  fometimes  by  diagonals,  drawn  from  one 
concentric  circle  of  the  limb  to  another. 

In  the  middle  is  fixed  a  circumferentor,  with  a 
needle ;  but  this  is  of  little  or  no  ufe,  except  in 
finding  a  meridian  line,  or  the  proper  fituatioH  o£ 
the  land. 

Over  the  brafs  circle  is  a  pair  of  fights,  fixed  to 
a  moveable  index,  which  turns  on  the  center  of 
the  inftrument,  and  upon  which  the  circumferen- 
tor box  is  placed. 

This  inftrument  will  either  give  the  angles  of 
the  field,  or  the  bearing  of  every  ftationary  dif- 
tance  line,  from  the  meridian ;  as  the  circumfe- 
jrentor  and-  quartered  compafs  do. 

Firft  then,  To  take  the  angles  of  the  Jield% 

Plate  VI.  fig.  6. 

Lay  the  ends  of  your  index  to  360,  and  180; 
turn  the  whole  about  with  the  360  from  you  j  direft 

the 
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the  fights  from  A  to  G,  and  fcrew  the  inftrument 
jfaft ;  direct  them  from  A,  to  cut  the  objed  at  B ; 
the  degree  then  cut  by  that  end  of  the  index 
which  is  oppofite  to  you,  will  be  the  quantity  of 
the  angle  GAB,  to  place  in  your  field-book ;  to 
which  annex  the  meafure  of  the  line  AB,  in 
chains  and  links ;  fet  up  your  inftrument  at  B, 
unfcrew  it,  and  lay  the  ends  of  your  index  to  360, 
and  180 ;  turn  the  whole  about  with  the  360  from 
you,  or  180  next  you,  till  you  cut  the  objetl:  at 
A ;  fcrew  the  inftrument  faft,  and  direft  your 
fights  to  the  objeft  at  C,  and  the  degree  then  cut 
by  that  end  of  the  index  which  is  oppofite  to  you, 
will  be  the  quantity  of  the  angle  ABC.  Thus 
proceed  from  ftation  to  ftation,  ftill  laying  the 
index  to  360,  turning  it  from  you,  and  obferving 
the  obje<5l  at  the  foregoing  ftation,  fcrewing  the 
inftrument  faft,  and  obferving  the  objed  at  the 
foliov/ing  ftation,  and  counting  the  degrees  to  the 
oppofite  end  of  the  index,  will  give  you  the  quan-' 
tity  of  eagh  refpedive  angle. 

J.    E     M    M    A, 

All  the   angles   of  any  polygon,  are  equal  to  twice 

as  ?nany  j'ight  angles  as  there  are  fides  lefs  by  four. 

Thus,  all  the  angles  A,  B,  C,  D,  E,  F,  G,  are 

equal  to  twice  as  many  right  angles,  as  there  are 

fides  in  the  figure,  lefs  by  four. 

Plate  VI.  %.  6. 

Let  the  polygon  be  difpofed  into  triangles-,  by 
lines  drawn  from  any  affigned  point  H  within  it, 
as  by  the  lines  HA.  HB,  HC,  'i^c.     It  is  evident 

then 
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then  (by  theo.  5.  fed.  1.)  that  the  three  angles 
of  each  triangle  are  equal  to  two  right ;  and  con- 
fequently,  that  the  angles  in  all  the  triangles 
are  twice  as  many  right  ones  as  there  are  fides: 
but  all  the  angles  about  the  point  H,  are  equal 
to  four  right  (by  cor.  2.  theo.  i.  fed.  i.);  there- 
fore the  remaining  angles  are  equal  to  twice  as 
many  right  ones  as  there  are  fides  in  the  figure, 
abating  four.     (^  E.  D. 

SCHOLIUM. 

Hence  we  may  know  if  the  angles  of  a  furvey  be 
truly  taken  :  for  if  their  fum  be  equal  to  twice  as 
many  right  angles,  as  there  are  ftations,  abating 
four  right  angles,  you  may  conclude  that  the  an- 
gles were  truly  taken,  otherwife  not. 

If  you  take  the  bearing  of  any  line  with  the 
circuraferentor,  that  bearing  will  be  the  number 
of  degrees  the  line  is  from  the  north ;  confequent- 
ly  the  north  muft  be  a  like  number  of  degrees 
from  the  line,  and  thus  the  north,  and  of  courfe 
the  fouth,  as  well  as  the  eaft  and  weft,  or  the  fi- 
tuation  of  the  land,  is  obtained. 

Secondly,  To  take  the  bearing  of  each  refpedive 

line  from   the   ?neridian ;  or    to  perform   the   office 

of  the   circumferentor,  ■  or  quartered  compafs  by   ths 
theodolite. 

Set  your  inflrument  at  the  firft  ftation,  and  lay 
the  index  to  360  and  180,  with  the  flower-de-luce 
of  the  box  next  the  360  ;  unfcrew  the  inflrument, 
and  turn  the  whole  about,  till  the  north  and  fouth 
points  of  the  needle  cut  the  north  and  fouth  points 
in  the  box ;  then  fcrew  it  faftj  fo  -is  the  inftrument 
north  and  fouth,  abflrafted  of  the  variation. 

The 
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The  circumferentor  box  may  be  then  taken  off. 

DIred  the  fights  to  the  objed  at  the  fecond 
ilation,  and  the  degree  cut  by  the  oppofite  end 
of  the  index  will  be  the  bearing  of  th^it  line  from 
the  north,  and  the  fame  that  the  circumferentor 
"would  give. 

After  having  meafured  the  ftationary  diflance, 
fet  up  your  inftrument  at  the  fecond  ftation  j  un- 
fcrew  it,  and  fet  either  end  of  the  index  to  the 
degree  of  the  laft  line,  and  turning  the  whole 
about  with  that  degree  towards  ypu,  dire£l  your 
fights  to  an  objedt  at  the  foregoing  ftation,  and 
/crew  J^e  inftrument  faft ;  it  will  then  be  parallel 
to  its  former  fituation,  and  confequently  north  and 
fouth ;  dlreft  then  your  fights  to  an  objeci;  at  the 
following  ftation,  and  the  decree  cut  by  the  op- 
pofite end  of  the  index,  will  be  the  bearing  of 
that  line. 

In  like  manner  you  may  proceed  thro'  the  whole. 

If  the  brafs  circle  be  flivided  into  four  nineties, 
from  360  and  180,  and  the  letters  N,  S,  E,  W, 
be  applied  to  them }  the  bearings  may  be  obtain- 
ed by  putting  down  the  letters  the  far  or  oppofite 
end  of  the  index  lies  between,  and  annexing  there-. 
to  the  degrees  from  the  N  or  S ;  an4  this  is  the 
fame  as  th^  quartered  compafs. 

If  you  keep  the  compafs  box  on,  to  fee  the 
mutual  agreement  of  the  two  inftruments ;  after 
having  fixed  the  theodolite  north  and  fouth,  as 
before ;  turn  the  index  about  with  the  north  end 
or  ftower-de-luce  next  your  eye,  and  count  the 
degree  to  the  oppofite,  or  fouth  end  of  the  index, 

and 
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and  this  will  correfpond  with  the  degree  cut  by  the 
fouth  end  of  the  needle. 

At  the  fecond,  or  next  flation,  unfcrew  the  in- 
ftrumenty  and  fet  the  fouth  of  the  index  to  the  de- 
gree of  the  laft  ftation  ;  turn  the  whole  about,  with 
the  fouth  of  the  index  to  you,  and  cut  the  obje£t 
at  the  foregoing  ftation  ;  fcrew  the  inftrument  faft, 
and  with  the  north  of  the  index  to  you,  cut  the 
objedt  at  the  next  following  ftation,  the  degree 
then  cut  by  the  fouth  of  the  index,  will  corre- 
fpond with  the  degree  cut  by  the  fouth  end  of  the 
needle,  and  fo  through  the  whole. 

Some  theodolites  have  a  ftanding  pair  of  fights 
fixed  at  360  and  180,  befides  thofe  on  the  move- 
able index :  if  you  would  ufe  both,  look  through 
the  ftanding  fights,  with  the  180  next  you,  to  an 
objeQ:  at  the  foregoing  ftation ;  fcrew  the  inftru- 
ment faft,  and  direct  the  upper  fights  on  the  move* 
able  index,  to  the  objeft  at  the  following  ftation, 
and  the  degree  cut  by  the  oppofite  end  of  the  in- 
dex, will  give  you  the  quantity  of  the  angle  of  the 
field. 

Two  pair  of  fights  can  be  of  no  ufe  in  finding 
the  angles  from  the  meridian  ;  and  inaAnuch  as  one 
pair  is  fufficient  to  find  the  angles  of  the 'field,  the 
fecond  can  be  of  no  ufe :  befides,  they  obftrud: 
the  free  motion  of  the  moveable  index,  and  there- 
fore are  rather  an  incumbrance  than  of  any  real 
ufe.  Some  will  have  it,  that  they  are  ufeful  with  the 
others,  for  fetting  off  a  right  angle,  in  taking  an 
off-fet ;  and  furely  this  is  as  eafily  performed  by 
the  one  pair  on  the  moveable  index :  thus,  if  you 
lay  the  index  to  360  and  180,  and  cut  the  objeft 
either  in  the  laft  or  following  ftation,  fcrew  the  in- 
ftrument 
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flrument  fall,  and  turn  the  index  to  90  and  270,  and 
then  it  will  be  at  right  angles  with  the  line.  So 
that  the  fmall  fights,  or  thcfe  to  the  circle,  can  be 
of  no  additional  ufe  to  the  indriiment,  and  there- 
fore lliould  be  laid  afide  as  ufelefs. 

This  inftrument  may  be  ufed  in  windy  and  rainy 
weather,  as  well  as  in  mountainous  and  hilly 
grounds ;  for  it  does  not  require  an  horizontal  po- 
rtion to  find  the  bearing,  or  angle,  as  the  needle 
doth  ;  and  therefore  is  preferred  to  any  inftrument 
that  is  governed  by  the  needle. 


Of  the  semicircle. 


HIS  inftrument,  as  its  name  imports,  Is  a 
half  circle,  divided  from  its  diameter  into 
180  degrees,  and  from  thence  again,  that  is,  from 
o,  to  360 :  it  is  generally  made  of  brafs,  and  is 
from  8  to  16  inches  diameter. 

On  the  center  there  is  a  moveable  index  with 
fights,  on  which  is  placed  a  circumferentor-box, 
as  in  the  theodolite. 

This  inftrument  may  be  ufed  as  the  theodolite 
in  ail  refpefts ;  but  with  this  difference,  when  you 
are  to  reckon  the  degree  to  that  end  of  the  index 
which  is  off  of  the  femicircle,  you  may  find  it  at 
the  other  end,  reckoning  the  degree  from  180  for- 
wards. 


Of 
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A  PLANE  TABLE  is  an  oblong  of  oak,  or 
other  wood,  about  15  inches  long,  and  12 
broad  j  they  are  generally  compofed  of  3  boards, 
which  are  eafily  taken  afunder,  or  put  together,  foi* 
the  convenience  of  carriage. 

There  is  a  box  frame,  with  6  joints  in  it,  to 
take  off  and  put  on  as  occafion  ferves  ;  it  keeps  the 
table  together,  and  is  likewife  of  ufe  to  keep  down, 
a  fheet  of  paper  which  is  put  thereon. 

The  outfide  of  the  frame  is  divided  into  inches 
and  tenths,  which  ferve  for  ruling  parallels  or 
fquares  on  the  paper,  or  for  fhifting  it,  when  oc- 
cafion ferves. 

The  mfide  of  the  frame  is  divided  into  360  de- 
grees, which,  tho*  unequal  on  it,  yet  are  the  de- 
grees of  a  circle  produced  from  its  center,  or  cen- 
ter of  the  table,  where  there  is  a  fmall  hole. 

^  The  degrees  are  fubdivided  as  fmall  as  their 
diilance  will  admit ;  at  every  tenth  degree  are  tv/o 
numbers,  one  the  number  of  degrees,  the  other 
its  complement  to  360. 

There  is  another  center  hole,  about  ^  of  the 
table's  breadth  from  one  edge,  and  is  in  the  mid- 
dle between  the  two  ends.  To  this  center  hols 
on  the  other  fide  of  the  frame,  there  are  the  divi- 
fions  of  a  femicircle,  or  180  degrees;  and  thefe 
agam  are  fubdivided  into  halves,  or  quarters,  as 
the  fize  of  the   inllrument  will  admit. 

Y  That 
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That  fide  of  the  frame  on  which  the  360  de- 
grees are,  fupplies  the  place  of  a  theodoHte,  the 
other,  that  of  a  femicircle. 

There  is  a  circumferentor-box  of  wood,  with  a 
paper  chart  at  the  bottom,  apphed  to  one  fide  of 
the  table  by  a  dove-tail  joint,  faftened  by  a  fcrew. 
This  box  (befides  its  rendering  the  plane  table  ca- 
pable of  anfwering  the  €nd  of  a  circumferentor) 
is  very  ufefiil'  for  placing  the  inftrument  in  the 
fame  pofition  every  remove. 

There  is  a  brafs  ruler  or  index,  of  about  two 
inches  broad,  with  a  fharp  or  fiducial  edge,  at  each 
end  of  which  is  a  fight :  on  the  ruler  are  fcales 
of  equal  parts,  with  and  without  diagonals,  and  a 
fcale  of  chords ;  the  whole  is  fixed  on  a  ball  and 
focket,  and  fet  on  a  three-legged  ilaff. 

To   take  the  angles  of  a  field  by  the   table. 

Having  placed  the  inftrument  at  the  firft  ftation, 
turn  it  about  till  the  north  end  of  the  needle  be 
over  the  meridian,  or  flower-de-luce  of  the  box, 
and  th€re  fcrew  it  faft.  Affign  any  convenient 
point,  to  which  apply  the  edge  of  the  index,  fo 
as  thro'  the  fights  you  may  fee  the  object  in  the 
laft  ftation,  and  by  the  edge  of  the  index  from  the 
point  draw  a  line.  Again,  turn  about '  the  index 
with  its  edge  to  the  fame  point,  and  thro'  the 
fights  obferve  the  objed:  in  the  fecond  ftation,  and 
from  the  point,  by  the  edge  of  the  index,  draw 
another  line ;  fo  is  the  angle  laid  down :  on  that 
laft  line  fet  off  the  diftance  to  the  fecond  ftation, 
in  chains  and  links  :  apply  your  inftrument  to  the 
fecond  ftation,  taking  the  angle  as  before ;  and 
after  the  like  manner  proceed  till  the  whole  is 
finiftied. 

This 
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This  method  may  be  ufed  in  good  weather,  if 
the  needle  be  well  touched  and  play  freely;   but 
if  it  be  in  windy  weather,  or  the  needle  out  of  or- 
der, it  is   better,  after  having  taken  the  firfl  angle 
as  before,  and  having  removed  your  inftrument  to 
the  fecond  fta/tion,  and  placed  the  needle  over  the 
meridian  line  as  before,  to  lay  the  index  on  the  lalt 
drawn  line,  and  look  backward  thro'  the  fights ;  if 
you    then  fee  the   objed:   in   the  firfl  flation,  the 
table  is  fixed  right,  and  the  needle  is  true ;  if  not, 
turn  the  table  about,  the  index  lying  on  the  laft 
line,   till  thro'   the  fights  you  fee  the  objefl   in  the 
firfl  flation ;  and  then  fcrew  it  fafl,  and  keeping 
the  edge  of  the  index  to  the  fecond  flation,  dirett 
your  fights  to  the  next ;  draw  a  line  by  the  edge 
of  the  index,  and  lay  off  the  next  line  ;  and  pro« 
ceed  thro'  the  whole  without  ufing  the.  needJe,  as 
you  do  with  the  theodolite. 

If  the  fheet  of  paper  on  the  table  be  not  large 
enough  to  contain  the  map  of  the  ground  you 
furvey,  you  mufl  put  on  a  clean  fheet,  when  the 
other  is  full ;  and  this  is  called  fhifting  of  paper^ 
and  is  thus  performed^ 

Plate  VL  fig.  8. 

Let  ABCD  reprefent  the  fheet  of  paper  on  the 
plane  table,  upon  which  the  plot  E,  F,  G,  H,  I, 
K,  L,  M,  is  to  be  drawn  j  let  the  firfl  flation  be 
E,  proceed  as  before  from  thence  to  F,  and  to  G  j 
then  proceeding  to  H,  you  find  there  is  not  room 
on  your  paper  for  the  line  GH ;  however,  draw 
as  much  of  the  line  GH^  as  the  paper  can  hold, 
or  draw  it  to  the  paper's  edge.  Move  your  in- 
flrument  back  to  the  firfl  flation  E,  and  proceed 
the  contrary  way  to  M,  and  to  L  j  but  in  going 

ixonx 


.'^ 
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from  thence  to  K,  3^ou  again  find  your  fheet  will 
not  hold  it ;  however,  draw  as  much  of  the  line 
LK  on  the  fheet,  as  it  can  hold. 

Take  that  fheet  off  the  table,  firfl  obferving 
the  diftance  oo  of  the  li.nes  GH  and  LK,  by  the 
edge  of  the  table ;  take  oif  that  flieet,  and  mark 
it  with  No.  I,  to  fignify  it  to  be  the  firft  taken  off. 
Having  then  put  on  another  fheet,  lay  that  diftance 
00  on  the  contrary  end  of  the  table,  and  fo  pro- 
ceed as  before,  with  the  refidue  of  the  furvey, 
from  0  to  H;  to  K,  and  thence  to  o;  fo  is  your 
furvey  complete. 

in  the  like  manner  you  may  proceed  to  take  off, 
and  put  on,  as  many  fneets  as  are  convenient ;  and 
thefe  may  afterwards  be  joined  together  with  mouth 
glue,  or  fine  v/hite  water  very  thin. 

If  the  index  be  fixed  to  the  firfl  center,  ufing 
the  360  fide,  it  will  then  ferve  as  a  theodolite, 
and  when  to  the  fecond  center,  ufing  the  180  fide, 
it  will  ferve  as  a  femicircle  ;  by  either  of  which  you 
may  furvey  in  rainy  weather,  when  you  cannot 
have  paper  on  the  table. 


Tq 


To  take  an  Angle  of  Altitude  by  the 
Circumferentor,  Theodolite,  Semicir- 
cle, or  Plane  Table, 


I.    To  take  an  angle  of  altitude,  by  the  circum* 
ferentor. 


LET  the  glafs  lid  be  taken  off,  and  let  the  in- 
ftrument  be  turned  on  one  fide,  with  the 
ftem  of  the  ball  into  the  notch  of  the  focket,  fo 
that  the  circle  may  be  perpendicular  to  the  plane 
of  the  horizon ;  let  the  inftrument  be  placed  in 
this  fituation  before  the  objeft,  fo  that  the  top 
thereof  may  be  feen  thro'  the  fights ;  let  a  plum- 
met be  fufpended  from  the  center  pin,  and  the 
objeft  being  then  obferved,  the  complement  of  the 
number  of  degrees,  comprehended  between  the 
thread  of  the  plummet,  and  that  part  of  the  in- 
ftrument which  is  next  your  eye,  will  give  the  an- 
gle of  altitude  required. 

2.  If  an  angle  of  altitude  is  to  be  taken  by 
the  theodolite,  or  femicircle,  let  a  thread  be  run 
thro'  a  hole  at  the  center,  and  a  plummet  be  fuf-? 
pended  by  it ;  turn  the  inftrument  on  one  fide, 
by  the  help  of  the  ball  and  notch  in  the  focket 
for  that  purpofe,  fo  that  the  thread  may  cut  90, 
having  360  degrees  next  you ;  fcrew  it  faft  in  that 
pofition,  and  thro'  the  lights  cut  the  top  of  the 

objeds ; 
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objefts ;  and  the  degrees  then  cut  by  the  end  of 
the  index  next  you,  are  the  degrees  of  elevation 
required.  An  angle  of  depreflion  is  taken  the 
contrary  way. 

3.  By  the  plane  table  an  angle  of  altitude  Is 
taken  in  the  like  manner,  by  fufpending  a  plum- 
met from  the  center  thereof,  having  turned  the 
table  on  one  fide,  and  fixed  the  index  to  the 
center  by  a  fcrew^,  fo  as  to  move  freely,  let  the 
thread  cut  90,  look  thro'  the  fights  as  before,  and 
you  have  the  angle  of  elevation,  and  on  the  con- 
Jmry  that  of  depreflion. 


Of 


OF  THE 


PROTRACTOR. 


THE  protrador  is  a  femiclrcle  annexed  to  a 
fcale,  and  is  made  of  brafs,  ivory,  or  horn ; 
its  diameter  is  generally  about  five  or  fix  inches. 

The  femicircle  contains  three  concentric  femicir- 
cles,  at  fuch  diftanc€s  from  each  other,  that  the  fpa- 
ces  between  them  may  contain  figures. 

The  outward  circle  is  numbered  from  the  right 
to  the  left  hand,  with  lo,  20,  30,  £fff.  to  180 
degi'ees ;  the  middlemoft  the  fame  way,  from 
180  to  360  degrees;  and  the  innermofl,  from  the 
up{ier  edge  of  the  fcale  both  ways,  from  10,  20, 
30,  Eff<:.  to  90  degrees. 

It  is  eafy  to  conceive  that  the  protra£lor,  tho*  a 
femicircle,  may  be  made  to  fupply  the  place  of 
a  whole  circle ;  for  if  a  line  be  drawn,  and  the 
center-hole  of  the  protraftor  be  laid  on  any  point 
in  that  line,  the  upper  edge  of  the  fcale  corre- 
fponding  with  that  line,  the  divifions  on  the  edge 
of  the  femicircle  will  run  from  o  to  180,  from 
right  to  left :  again,  if  it  be  turned  the  other 
way,  or  downwards,  keeping  the  center-hole  there- 
of on.  the   aforsiaid   point   in  the   line,  then  the 

divifions 
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divifions  will  run  from  i8o  to  360,  and  fo  com- 
pletes an  entire  circle  with  the  former  femicircle. 

The  ufe  of  the  protraftor  is  to  lay  off  angles, 
and  to  delineate  or  draw  a  map,  or  plan,  cf  any 
ground  from  the  field-notes ;  and  is  performed  in 
the  following  manner* 

To  protrad  a  field-hook^  ivhen  the  angles  are  taken 
from  the  meridian. 

Plate  VI.  fig.  9. 

On  your  paper,  rule  lines  parallel  to  each  other, 
at  an  inch  afunder  (being  moft  ufual)  or  at  any 
ether  convenient  diftance ;  on  the  left  end  of  the 
parallels  put  N.  for  north,  and  on  the  right  S. 
for  fouth ;  put  E.  at  the  top  for  eaft,  ahd  W.  at 
the  bottom   of  your  paper  for  weft. 

Then  let  the  following  field-book  be  that  which 
is  to  be  protraded,  the  bearings  being  taken  from 
the  meridian,  whether  by  a  circumferentor,  theo- 
dolite, or  femicircle,  and  meafured  with  a  twO' 
pole  chain. 


No. 

Bearing. 

Ch.    L. 

I 

It 

283-^ 

348i 

55-20 
12.36 

3 
4 

?>^7 
266 

29.20 
55-20 

5 
6 

7 

193 

124 

63-1 

40.00 
76.00 
87.02 

Clofe  at  the  firfl;  flation. 


Pitch 
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Pitch  upon  any  convenient  point  on  your  paper, 
for  your  firft  ftation,  as  at  i,  on  which  lay  the 
center-hole  of  your  protraftor,  with  a  protradling- 
pin  ;  then  if  the  degrees  be  lefs  than  180,  turn 
the  arc  of  your  protrador  downwards,  or  towards 
the  weft;  but  if  more  than  180,  upwards,  or  to- 
wards the  eaft. 

Or  If  the  right-hand  be  made  the  north,  and 
the  left  the  fouth,  the  weft  will  be  then  up,  and 
the  eaft  down. 

In  this  cafe,  if  the  degrees  be  lefs  than  180, 
turn  the  arc  of  your  protrador  upwards,  or  to- 
wards the  weft  j  and  if  more,  downwards,  or  to- 
wards the  eaft. 

By  the  foregoing  field-book,  the  firft  bearing  is 
283^ ;  turn  the  arc  of  your  protrador  upwards, 
keeping  the  pin  in  the  center-hole,  move  the  pro- 
trador  fo  that  the  parallel  lines  may  cut  oppofite 
divifions,  either  on  the  ends  of  the  fcale,  or  on 
the  degrees,  and  then  it  is  parallel.  This  muft  be 
always  firft  done,  before  you  lay  off  your  degrees. 

Then  by  the  edge  of  the  femiclrcle  keeping  the 
protrador  fteady,  with  the  pin  prick  the  firft  bear- 
ing 283Y,  and  from  the  center-point,  thro'  that 
point  or  prick,  draw  a  blank  line  with  the  pin,  on 
which  from  a  fcale  of  equal  parts,  or  from  the 
fcale's  edge  of  the  protractor,  lay  off  the  diftance 
55C.  20L.  fo  is  that  ftation  protracted. 

At 
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At  the  end  of  the  firft  ftatiort,  or  at  2,  which 
is  the  beginning  of  the  fecond,  with  the  pin  place 
the  center  of  the  protrador,  turning  the  arc  up, 
becaufe  the  bearing  of  the  fecond  ftation  is  more 
than  180,  viz.  348-^.  .  Place  your  protractor  paral- 
lel as  before,  and  by  the  edge  of  the  femicircle, 
•with  the  pin  prick  at  that  degree,  thro'  which  and 
the  end  of  the  foregoing  ftation,  draw  a  blank 
line,  and  on  it  fet  the  diftance  of  that  ftation. 

In  the  like  manner  proceed  thro'  the  whole,  only 
obferve  to  turn  the  arc  of  your  protraftor  down, 
when  the  degrees  are  lefs  than  180. 

If  you  lay  off  the  ftationary  diftances  by  the 
edge  of  the  protrador,  it  is  neceflary  to  obferve, 
that  if  your  map  is  to  be  laid  down  by  a  fcale  of 
40  perches  to  an  inch,  every  divifion  on  the  pro- 
tractor's edge  will  be  one  two-pole  chain;  ^  a 
divifion  will  be  25  links,  and  -^  of  a  divifion  wiH 
be  i2y  links. 

If  your  map  is  to  be  laid  down  by  a  fcale  of  20 
perches  to  an  inch,  two  divifions  will  be  one  two- 
pole  chain ;  one  divifion  will  be  25  links ;  4  a 
divifion  12^  links,  and  ^  of  a  divifion  will^be 
6j  links. 

In  the  general,  if  25  links  be  multiplied  by  the 
number  of  perches  to  an  inch,  the  map  is  to  be 
laid  down  by,  and  the  product  be  divided  by  20 
(or  which  is  the  fame  thing,  if  you  cut  off  one 
and  take  the  half)  you  will  have  the  value  of  one 
divifion  on  the  protractor's  edge,  in  links  and 
parts. 

Example. 
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Example.' 

I.  How  many  links  in  a  divifion,  if  a  map  be 
kid  down  by  a  fcale  of  8  perches  to  an  inch  ? 

8 

2|o)2olo 

10  links.     Anfwer. 


2.  How  many  links  in  a  divifion,  if  a  map  be 
laid  down  by  a  fcale  of  10  perches  to  an  inch  ? 

10 
210)2510 

12.5  or  i2i  links.     Anfwer. 

And  fo  of  any  other. 

To  protrad  a  field-book^  taken  by  the  angles  of  the 
field. 

Note,  We  here  fuppofe  the  land  furveyed  is 
kept  on  the  right  hand  as  you  fur¥ey. 

Draw  a  blank  line  with  a  ruler  of  a  length 
greater  than  the  diameter  of  the  protraftor ;  pitch 
upon  any  convenient  point  therein,  to  which  apply 
the  center-hole  of  your  protradtor  with  your  pin, 
turning  the  arc  upwards  if  the  angle  be  lefs  than 
180,  and  downwards  if  more ;  and  obferve  to  keep 
the  upper  edge  of  the  fcale,  or  180  and  o  degrees 

upon 
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upon  the  line :  then  prick  off  the  number  of  de- 
grees contained  in  the  given  angle,  and  draw  a 
line  from  the  firft  point  through  the  point  at  the 
degrees ;  upon  which  lay  the  ftationary  diftance. 
Let  this  line  be  lengthened  forwards  and  backwards, 
keeping  your  firft  ftation  to  the  right,  and  fecond 
to  the  left ;  and  lay  the  center  of  your  protradlor 
over  the  fecond  ftation,  with  your  pin,  turning  the 
arc  upwards,  if  the  angle  be  lefs  than  i8o,  and 
downwards,  if  more;  and  keeping  the  i8o  and  o 
degrees  on  the  line,  prick  off  the  number  of  de- 
grees contained  in  the  given  angle,  and  thro'  that 
point  and  the  laft  ftation  draw  a  line,  on  which 
lay  the  ftationary  diftance :  and  in  like  manner 
proceed  through  the  whole. 

In  all  protradions,  if  the  end  of  the  laft  ftation 
falls  exaftly  in  the  point  you  began  at,  the  field- 
work  and  protradion  are  truly  taken,  and  perform- 
ed ;  if  not,  an  error  muft  have  been  committed  in 
one  of  them :  in  fuch  cafe  make  a  fecond  pro- 
traftion ;  if  this  agrees  with  the  former,  and  nei- 
ther meet  or  clofe,  the  fault  is  in  the  field-work, 
and  not  in  the  protraftion:  and  then  a  re-furvey 
muft  be  taken. 


SEC  T. 


^^^y^ 
^ 


SECT.      IV, 


Containing  two  Methods  by  which  the  Areas  of  right- 
lined  Figures  may  be  determined. 


DEFINITION. 

TH  E  area  or  content  of  any  plane  furface  in 
perches,    is  the   number  of  fquare  perches, 
that  furface  contains. 

Plate  VII.  fig.  I. 

Let  ABCD  reprefent  a  rectangular  parallelo- 
gram, or  oblong:  let  the  fide  AB,  or  DC,  con- 
tain 8  equal  parts ;  and  the  fide  AD,  ot  BC, 
three  of  fuch  parts ;  let  the  line  AB  be  moved 
in  the  diredion  of  AD,  till  it  has  come  to  EF ; 
where  AE,  or  BF  (the  diftance  of  it  from  its  firft 
fituation)  may  be  equal  to  one  of  the  equal  parts. 
Here  it  is  evident,  that  the  generated  oblong  ABEF, 
will  contain  as  many  fquares  as  the  fide  AB  con- 
tains equal  parts,  which  are  8 ;  each  fquare 
having  for  its  fide  one  of  the  equal  parts,  into 
which  AB,  or  AD,  is  divided.  Again,  let  AB 
move  on  till  it  comes  to  GH,  fo  as  GE,  or  HF, 
may  be  equal  to  AE,  or  BF ;  then  it  is  plain  that 
the  oblong   AGHB,  will  contain  twice  as  many 

iquares 
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fquares  as  the  fide  AB  contains  equal  parts.  After 
the  fame  manner  it  will  appear,  that  the  oblong 
ADCB  will  contain  three  times  as  many  fquares  as 
the  fide  AB  contains  equal  parts  j  and  in  general, 
that  every  reftangular  parallelogram,  whether  fquarer 
or  oblong,  contains  as  many  fquares  as  the  product 
of  the  number  of  equal  parts  in  the  bafe,  multi- 
plied into  the  number  of  the  fame  equal  parts  in 
the  height,  contains  units,  each  fquare  having  for 
its  fide  one  of  the  equal  parts. 

Hence  arifes  the  folution  of  the  following  pro- 
blems. 

P  R  0  B.     I. 

To  find  the  content  of  a  fquare  piece  of  ground. 

1.  Multiply  the  bafe  in  pefches,  into  the  per- 
pendicular in  perches  (or  fquare  the  bafe)  the  pro- 
duO:  will  be  the  content  in  perches ;  and  becaufe 
1 60  perches  make  an  acre,  it  muft  thence  follow, 
that 

Any  area,  or  content  in  perches,  being  divided 
by  1 60,  will  give  the  content  in  acres  ;  the  remain- 
ing perches,  if  more  than  40,  being  divided  by 
40,  will  give  the  roods,  and  the  lall  remainder, 
if  any,  will  be  perches. 

Or  thu-s : 

2.  Square  the  fide  in  four- pole  chains  and 
links,  and  the  produft  will  be  fquare  four-pole 
chains  and  links ;  divide  this  by  i  o,  or  cut  off 
one  more  than  the  decimals,  v/hich  are  five  in  all, 
from    the    right    towards    the    left :    the   figures 

refting 


To  find  the  Content  of  Ground.  ly^ 

refting  to  the  left  are  acres,  becaufe  lo  fquare 
four-pole  chains  make  an  acre,  and  the  remaining 
figures  are  decimal  parts  of  an  acre.  Multiply 
the  five  figures  to  the  right  by  4,  cutting  5  fi- 
gures fi-om  the  product,  and  if  any  figure  be  to 
the^  left  of  them,  it  is  a  rood,  or  roods ;  multi- 
ply the  laft  cut  oiF  figures  by  40,  cutting  off  five, 
or  (which  is  the  fame  thing)  by  4,  cutting  off 
four;  and  the  remaining  figures  to  the  left,^if  any, 
are  perches. 

1.  The  firft  part  is  plain,  from  confidering  that  a 
piece  of  ground  in  a  fquare  form,  whofe  fide  is  a 
perch, , mull  contain  a  perch  of  ground;  and  that 
40  fuch  perches  make  a  rood,  or  ftang,  and  four 
roods  an  acre ;  or  which  is  the  fame  thing,  that 
160  fquare  perches  make  an  acre,  as  before, 

2.  A  fquare  four-pole  chain  (that  is,  a  piece  of 
ground  four  poles  or  perches  every  way)  raufl  con- 
tain 1 6  fquare  perches ;  and  fince  1 60  perches  make 
an  acre,  therefore  10  times  16  perches,  or  10 
fquare  four-pole  chains  make  an  acre. 

Note,  That  the  chains  given,  or  required,  in 
any  of  the  following  problems,  are  fuppofed  two- 
pole  chains,  that  chain  being  moft  commonly  ufed ; 
but  they  muft  be  reduced  to  four-pole  chains  or 
perches  for  calculation,  becaufe  the  links  will  not 
operate  with  them  as  decimals. 

Examples. 
Plate  I.  fig.   17. 

Ch.    L. 

Let  ABC D  be  a  fquare  field,  whofe  fide  is  14.  29; 
I  demand  the  content  in  acres. 

By 


1^^  ^Hr  find  the  Content  of  Ground. 

<.  Ch.    L. 

By  problem  4.  feftion  3.     14.29    are  equal  to 
29.16  perches. 
29.16 

17496 
2916 

26244 
5832 


A.    R.    P. 


160)850.3056(5.  I.  ID.  content* 
40)50(1  rood. 
10  perches. 

Or  thus: 

14.29  are  equal  to  7.  29  of  four-pole  chains,  by 
prob.  I.  feet.  3.        7-  29 


Acres 

6561 
1458 
510.3 

5! 3 1 44 1  Content; 
4 

A.  R. 

as  before  5.  i. 

p. 

10. 

Rood 

• 

1I25764 
4 

Perches 

10I3056 

It  is  required  to  lay  down  a  map  of  this  piece 
of  ground,'  by   a  fcale  of  twenty  perches  to   an 

inch. 

Take 


To  find  the  Content  of  Groujid*  jjj 

Take  29.16  thfe  perches  of  the  given  ficfe,  from 

the  fmall  diagonal  on  the  common  furveying  fcale, 

where  20  fmall,  or  two  of  the  large  divifions  are 

ian  inch ;  mak«  a  fquare  whofe  fide  is  that  length 

•  (by  prob.  9.  fed.  i.)  and  it  is  done. 

P  RO  B.    l\. 

To  find  the  fide  of  a  fquare,  whofe  content  is  givem, 

Extract  the  fquare.  foot  of  the  given  content 
in  perches,  and  you  have  the  fide  in  perches,  and 
consequently  in  chains* 


E   X   A   M  P  L 


E* 


It  is  required  to  lay  out  a  fquare  piece  of  ground 
which  fhall  contain  1 2  A.  3R.  16P.  Required  the 
number  of  chains  in  each  fide  of  the  fquare ;  and 
to  lay  down  a  map  of  it,  by  a  fcale  of  40  perches 
to  an  inch* 


A.    R.    p. 
12.  3.  16, 

4 

40 

Ch.     L. 


^05%5'S4  perches  as  22.  2>2,h  by  prob.  6, 
^5)45^  [fea.  3. 

903)3100 

9064)39100 

•A  a  T9 
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To  draw  the  map. 

From  a  fcale  where  4  of  the  large,  or  40  of  the 
fmall  divifions  are  an  inch,  take  45-34>  the  perches 
of  the  fide,  of  which  make  a  fquare. 

P  RO  B,    III. 

To  find  the  content  of  an  oblong  piece  of  ground. 

Multiply  the  length  by  the  breadth,  for  the 
content. 

Example. 


Plate  I.  fig.  3. 

Let  ABCD  be  an  oblong  piece  of  ground,  whofe 
length  AB  is  14C.  25L.  and  breadth  8C.  37L.  I* 
demand  the  content  in  acres,  and  alfo  to  lay  dowa 
a  map  of  it,  by  a  fcale  of  20  perches  to  an  inch. 

Ch.  L.        Perches. 

14.25  =  29.007  B        b.  4.  fea.  3. 

-     8.37=17.485    ^^ 


15732 
3496 


A.  R.    p. 


160)506.9200(3.  o.  27.  content. 
26  perch,  or  near  27, 
'  Or 


!9>  find  the  Content  of  Ground*  17^ 

Or  thus: 


4  pole  ch.- 
Ch.  L.       Ch.  L. 


14.25=7.25  >  B     rob.  I.  fea.  3. 
8-37  ^4-37  5     ^^ 


5^75 
2175 

2900 

Acres  5I16825 
4 


Rood    I67300 
4 


Perches  26I9200 


To  draw  the  map* 


Hr 


Make  an  oblong  (by  fchol.  to  prob.  9.  fed:,  i.) 
whofe  length,  from  a  fcale  of  20  to  an  inch,  may 
be  29  perches,  and  breadth,  17.48  perches. 


PROB.    IV. 

T/je  content  of  an  oblong  piece  of  ground^  and  on^ 
fide  given,  to  find  the  other. 

Divide  the  content  in  perches,  by  the  given 
fide  in  perches,  the  quotient  is  the  required  fide 
in  perches  J  and  thence  it  may  be  eafily  reduced 
to  chains. 

Example. 


5^0  To  find  the  Content  cf  Ground* 

Example. 

Ch.     L. 

There  is  a  ditch  14,  25  long,  by  the  fide  of 
^vhich  it  is  required  to  lay  out  an  oblong  piece  of 
ground,  which  fhall  contain  3  A.  oR.  27P:  what 
breadth  muft  be  laid  oif  at  each  end  of  the  ditch^ 
to  enclofe  the  3  A.  oR.  27P? 


A.    R.    P. 

3.   0.    27. 

4 

12 

40 

Perch.        Ch. 

L. 

29)507(17-48  =  8. 

2iJ  breadth^ 

217 

140 

» ^— 

240 

8 

The  map  is  done 

as  the  lad* 

P  RO  B. 

V. 

To  find  the  content  of  a  piece  of  ground,  in  form  of 
an  oblique  angular  parallelogram  ;  or  of  a  rhombus^ 
or  rhomboides. 

Multiply  the  bafe  into  the  perpendicular  height* 
The  reafon  is  plain  from  theo.  13.  fed.  i. 

Example. 


fa  find  ihe  Content  of  Ground*  %%% 

Example, 

Plate  VII.  fig.  2, 

Let  ABCD  be  a  piece  of  ground  in  form  of 
a  rhombus,  whofe  bafe  AB  is  22  chains,  and 
perpendicular  DE,  or  FC,  20  chains.  Required 
^  content, 


Ch.        Ch 
22  = 
20 


^  4  pole  chains. 

=  10.03 

Acres  ji|o 


Or, 

Ch. 

ii-^ArAl  perches, 

20=403  ^ 

160)1760(11  acres, 
160 


The  converfe  of  this  is  done  by  prob.  4.  and 
the  map  is  drawn,  by  laying  of  the  perpendicular 
on  that  part  of  the  bafe  from  whence  it  was 
taken:  joining  the  extremity  thereof  to  that  of 
the  bafe,  by  a  right  line,  and  thence  complete 
the  parallelogram. 

PROB, 


1/^2  To  find  the  Content  of  Ground, 

P  R  0  B.    VI. 

To  find  the  content  of  a  triangular  piece  of  ground*' 

Multiply  the  bafe  by  half  the,  perpendicular,  or 
the  perpendicular  by  half  the  bafe;  or  take  half 
the  produ6l  of  the  bafe  into  the  perpendicular. 

The  reafon  hereof  is  plain,  from  cor.  2.  theo. 
12,  fed.  I, 

E   X  A   M   P  I.   E. 

Plate  I.  fig.  16. 

Let  ABC  be  a  triangular  piece  of  ground,  whofe 
lon:]^e{l  fide  or  bafe  BC,  is  24e.  38 L.  and  perpen- 
dicular AD,  let  fall  from  the  oppofite  angle,  is  1 3 
C.  28 L.     Required  the  content. 


Ch.     L.  Ch. 

,  38  =  12. 
iperp-  3-  39 


I.  Bafe  24.  38  =  12.  38^  4poie chains. 


1 1 142 
3714 
3714 


Acres  4]  1968 2 
4 


Rood    I78728 
40 


Perches  31)4912 

A.   R.    p. 
Content  4.  o.  31. 


Perp. 


To  find  the  Conieni  of  Ground,  iS$ 

Ch.  L.       Ch.  L. 

Perp.  1 3.28  =  6.7B  7  four-pole  chaitis,by  prob» 
iperp.     6.39=3.395       I.  fea.  3. 

Or  2dly.  Perp.  6.78  of  four-pole  chainsl. 
jbafe    6.19 

6102 
678 
4068 


A.     R.      P. 


4119682  =  4.  o.   31. 

Or  3dly.  Bafe  12.38  four-pole  chains. 
Perp.   6.78 

9904 
8666 
7428 


839364 

A.     R.      P. 


Its-l-4|i9682  =  4.  o.  31. 


Or  the  bafe  and  perpendicular  may  be  reduced 
perches ;  and  the  content  may  be  thence  obtain- 

-   thus  : 


to  ^ 

«d,  thus: 


Peip, 


J  §4  ^^  fi^^  *^^  Content  of  OrourK^^ 


Ch.   L.        Perches. 

Perp.  13.28^27.12 


Half  the  perp.  .3.56>BFPfob.4.fea.  ^i 


Perches.       th.  L. 

1^        Bafe    49.52=24.38 
iperp.   13.56 


29712 
24760 
14856 
4952 

■A.  R.    P. 


160)671.4912(4.  o.  31. 

PerchfiSs. 

2»  Perp.  27.12 

Half  bafe  24.76 

16272 
18984 

10848 
5424 

A.  A.    V. 


671.4912  =  4.  o.  3i» 

But,  fquare  perches  may  be  reduced  to  acres,  &c» 
rather  more  commodioufly,  by  dividing  by  40  and 
4,  than  by  1 60  j  thus, 

410)671 1. 
4)16.  31 
A.  4-  o.  31. 

3.  Bafe 
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Perch; 

Bafe     49.52 
Perp.     27*12 

9904 

4952 
34664 
9904 

1342.9824 

A.    R. 


671.4912  =  4.  o.  31. 


The  map  may  be  readily  drawn,  having  the 
diftance  from  either  end  of  the  bafe,  to  the  per- 
pendicular given  j  as  may  be  evident  from  the  fi- 
gure. 

P  R  0  B.     VIL 

The  content  of  a  triangular  piece  of  ground,  and  ths 
bafe  given,  to  find  the  perpendicular* 

Divide  the  content  in  perches,  by  half  the  bafe  in 
perches ;  and  the  quotient  will  give  you  the  per- 
pendicular in  perches,  and  fo  in  chains. 

Examples. 

Plate  I.  fig.   16. 

Let  BC  be  a  ditch,  whofe  length  is  24C.  40 L. 
by  which  it  is  required  to  lay  out  a  triangular  piece 
of  ground,  whofe  content  fliall  be  4A,  iR.  loP. 
Required  the  perpendicular. 

B  b  Bafe 


1 86  "To  find  the  Content  of  Ground, 

Ch.    L.         Perch. 

Bafe  24.40  =  49.6 
Half  the  bafe==  24.8 


A.    R.      P. 
4.    I.    10, 

4 


17 

40 


Perches. 


24.8)690(27.82 


1940 


2040 


FcrJi.         Ch.   L, 

Anfwer  perp.  27.82=13.45. 

This  perpendicular  being  laid  on  any  part  of  the 
bafe,  and  lines  run  from  its  extremity  to  the 
ends  of  the  bafe,  will  lay  out  the  triangle  (by 
cor.  to  theo.  13.  fed.  i.)  fo  that  the  perpendicu- 
lar may  be  fet  on  that  part  of  the  bafe  which  is 
mofl  convenient  and  agreeable  to  the  parties  con- 
cerned. 


LEMMA. 


To  find  the  Content  of  Ground.  1S7 

L     IE     M     M     A. 

If  from  half  the  fum  of  the  fides  of  any  plane  tri- 
angle ABC,  each  particular  fide  betaken;  and  if 
the  half  fum,  and  the  three  remainders  be  multi- 
plied continually  into  each  other,  the  fquare  root  cf 
this  produd  will  be  the  area  of  the  triangle. 

Plate  VIII.  fig.  g. 

Bifecl  any  two  of  the  angles,  as  A  and  B,  with 
the  lines  AB,  BD  meeting  in  D ;  draw  the  per- 
pendiculars DE,  DF,  DG. 

The  triangle  AFD  is  equiangular  to  AED; 
for  the  angle  FAD  =  EAD  by  conftruclion,  and 
AFD  ^=  AED,  being  each  a  right  angle,  and  of 
confequence  ADF^ADE;  wherefore  AD  :  DF  :  : 
AD  :  DE :  and  fince  AD  bears  the  fame  propor- 
tion to  DF,  that  it  doth  to  DE,  DF  =  DE,  and 
the  triangle  AFD  =  AED.  The  fame  way  DE  = 
DG,  and  the  triangle  DEB=DGB,  and  FD=DE 
=DG  ;  therefore  D  will  be  the  center  of  a  circle 
that  will  pafs  through  E,  F,  G. 

In  the  fame  way  if  A  and  C  were  bife£led,  the 
fame  point  D  would  be  had  ;  therefore  a  line  from 
D  to  C  will  bifeft  C,  and  thus  the  triangles  DEC, 
DGC  will  be  alfo  equal. 

Produce  CA  to  H,  till  AH  =  EB  or  GB;Vo 
will  HC  be  equal  to  half  the  fum  of  the  fides,  'viz. 
to  \  AB,  +  i- AC  +  T  BC ;  for  FC,  FA,  EB,  are 
feverally  equal  to  CG,  AE,  BG  ;  and  all  thefe  to- 
gether are  equal  to  the  fum  of  the  fides  of  the 
triangle;  therefore  FC  -f-  FA  +  EB  or  CH,  are 
equal  to  half  the  fum  of  the  fides. 

FC 


-?88  To  find  the  Conient  of  Grmnd. 

FC  =  CH— AB,  for  AF=AE,  andHA=EB; 
therefore HF=AB;  and  AF=CH— BC;  for  CF 
=CG,  and  AH=GBj  therefore  BC-=H A +  FC, 
and  AH  =  CH— AC. 

Continue  DC,  till  It  meets  a  perpendicular  drawit 
upon  H,  in  K ;  and  from  K  draw  the  perpendicu- 
lar KI,  and  join  AK. 

Becaufe  the  angles  AHK  and  AIK  are  two  right 
ones,  the  angles  HI  A  and  K  together,  are  equal 
to  two  right ;  fmce  the  angles  of  the  two  trian- 
gles contain  four  right:  in  the  fame  way  FDEH- 
FAE  =  (2  right  angles^)  FAE  +  IAH;  letFAE 
be  triken  from  both,  then  FDE=I  AH,  and  of  courfe 
Fy\E  =  K:  the  quadrilateral  figures  AFDE,  and 
KHAI,  are  therefore  fimilar,  and  have  the  fides 
about  the  equal  angles  proportional ;  and  it  is 
plain  the  triangles  CFD  and  CHK  are  alfo  propor- 
tional :  hence, 

FD  :  HA  :  :  FA  :  HK 
FD:FC::HK:HC 

Wherefore  by  multiplying  the  extremes,  and 
means  in  both,  it  will  be  the  fquare  of  FD  x  HK 
xHC=FCxFAxHAxHK;  let  HK  be  taken 
from  both,  and  multiply  each  fide  by  CH ;  then 
thefquarc  of  CH  X  by  the  fquare  ofFD  =  FCx 
FAxHAxCH. 

,  It  is  plain,  by  the  foregoing  problem,  that 
-^  ABxDE,  +f  BCxDG  +  4ACxFD  =  the 
area  of  the  triangle  ;  or  that  half  the  fum  of  the 
fides,  viz.  CHxFD  =  the  triangle;  wherefore 
the  fquare  of  CH  x  by  the  fquare  of  FD  =  FC  >^ 

FA 


^0  find  fbe  Content  of  Cround,  185 

FAXHAxCH,  that  Is,  the  half  fum  multiplied 
continually  into  the  differences  between  the  half 
fum  and  each  fide,  will  be  the  fquare  of  the  area 
of  the  triangle,  andits-root  the  area.    Q^  E.  D. 

Hence  the  following  probkm  will  be  evident. 

>      P  R  0  B.    VIIL 

The  fides  of  any  plane  triangle  given  to  find  the 
area, 

Plate  VIIL  %.  9. 

Add  the  fides  together,  and  from  the  half  fum 
take  each  fide  feverally :  multiply  the  half  fum  and 
three  remainders  continually  into  each  other,  and 
the  fquare  root  of  their  produ£b  will  be  the  area. 

If  the  triangle  be  meafured  by  a  two-j  ole  chain, 
reduce  the  fides  to  four-pole  chains ;  and  let  them 
iland  thus ; 

Ch.     L. 

AB     lOij  64^ 
Given     AC     12.  28  >  the  area  required. 
BG      9.  00  J 

Sum      31.  92 

Half  fum     1 5.   96 


15.96 
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Ch.  L.         Ch.  L. 

15.96 — 10,64=5.32  firft  remainder. 
15.96 — 1 2.28  ==3.68  fecond  remainder. 
I  $'^6 —  9.00=6.96  third  remainder. 


Ch.  L. 

15.96  half  the  fum. 
5.32  firft  remainder. 

3192 

Aim 
7980 


84.9072 

3.68  fecond  remainder. 


679257^ 
5094432 
2547216 


312.458496 

6.96  third  remainder. 


187475097^ 
28 1 21 26464 

1874750976 

2i74.7roi32i6 


«I74' 
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2174.710^3216(46.6337 
16 


86 


574 
516 


926  I  5871 


9323 

3^S^^ 
27969 

93263 

3S3^3'^ 
279789 

93'^^^! 

7344316 
6528669 

815647 

Area  in  fquare  four-pole  chains  46.6337 

Acres  ^c'^&T^TtJ 
4 


Roods  2.65348 
40 


Perches  26.13920 


A.    R.    p. 
Anfwer  4.  2.  26. 


Or  if  you  reduce  each  fide  into  perches,  the 
operation  is  performed  in  the  like  manner  j  and 
the  fquare  root  will  be  perches.  ' 


To 
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To  perform  this  by  logarithms. 

Inafijiuch  as  the  addition  of  logarithms  anfweff? 
the  multiplication  of  their  correfponding  numbers ; 
and  that  tlie  number  anfwering  to  the  half  of  a  lo- 
garithm, will  be  the  fquare  root  of  the  number 
of  that  logarithm,  it  follows. 

That  half  the  fum  of  the  logarithms  of  half  the 
fum  of  the  fides,  and  of  the  three  remainders,  will 
give  the  area.     Thus, 

Half  fum  J^5'96  1.20303 

Firft  remainder        5.32  0.72591 

Second  remainder    3.68  0.56585 

Third  remainder     6.96  0.84261 


3-33740 


Square  4  pole  chains  46.63     1.66870 
Acres  4.663  ■ 

4 

Roods  2.652 
4 


JPerches  26.08 


A.    R.     p. 
Anfwer,  as  before  4.   2.  26. 

If  therefore  you  reduce  a  piece  of  ground  Int^ 
triangles  (as  that  in  plate  VII.  fig.  4.)  and  meafure 
die  three  fides  of  each  ;  you  may  thus  find  the  con- 
tent of  the-  whole,  by  natural  numbers,  or  more 
readily  by  logarithms. 

The 
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The    figure  may  alfo  be   eafily  conftruded  by 
prob.   I.  fed*   I. 


P  R  0  B.     IX. 


To   find    the     content     of    a    trapezmn  piece    of 
ground. 


Multiply  the  diagonal,  or  bafe,  by  half  the 
fum  of  the  two  perpendiculars,  or  the  two  per- 
pendiculars by  half  the  bafe ;  or  take  half  the  pro- 
duct of  the  bafe  into  the  fum  of  the  two  perpen-* 
diculars* 


I 


DEFINITION. 


A  line  contained  between  the  two  remotefl  an^ 
gles,  is  the  diagonal. 


Example. 

Plate  VII.  fig.  3. 

Let  ABCD  be  a  piece  of  ground,  in  form  of  a 
taapezium,  whofe  diagonal,  or  bafe,  AC,  is  32C* 
loL.  its  perpendicular  bB  on  one  fide  of  that 
line  is  6C.  41 L.  and  perpendicular  dD  on  the 
other  fide  is  13C.  31L.     Required  the  content. 

C  c  Perp. 
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Ch.  L.        Ch.L. 

Perp.     6.4.  =  3-4i?         ,,,haim. 
Perp.   13.31  =  6.813^^ 


Sum  10.22 
Halffum  5. 1 1 

Ch,  L.       ch.  L. 

Bafe  32.10=16.10 

5.11 

1610 
1610 
8050 


Acres  8I22710 
4 


Roods  I9084 
4 


Perches  36I336 

The  other  two  methods  are  obvious,  from  what 
has  been  laid  down  (in  the  triangle,  prob,  6.)  and 
will  produce  a  like  content.  If  both  the  bafe  and 
the  fum  of  the  two  perpendiculars  are  odd,  ufe 
the  lall  method  of  the  three. 

The  map  may  be  drawn,  by  knowing  in  what 
parts  of  the  diagonal  the  perpendiculars  were 
taken,  and  thence  fetting  them  off,  and  joining 
their  extremities  to  thofe  of  the  diagonal. 

The  area  of  the  fquare,  oblong,  rhombus,  or 
rhomboides,  may  be  obtained  in  the  like  manner, 
by  a  diagonal  and  perpendiculars. 
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;Ef  a  map  of  any  of  the  foregoing  figures  be 
given,  with  the  fcale  by  which  it  was  laid  down, 
take  the  dimenfions  from  that  fcale  of  perches, 
and  thereby  adjuft  their  contents,  without  reducing 
them  to  chains. 

From  this,  and  the  fixth  problem,  this  following 
method  will  be  plain. 

Firft  Method  to  find  the  Area 
of  Ground. 

How  the  area  of  a  piece  of  ground,  be  it  ever  fo  irre^ 
gular,  may  be  obtained,  by  dividing  it  into  trian- 
gles and  trapezia, 

Plate  VII.  fig.  4. 

We  here  admit  the  furvey  to  be  taken,  and  pro- 
traded  ;  by  having  therefore  the  map,  and  know- 
ing the  fcale  by  which  it  was  laid  down,  the  con- 
tent may  be  thus  obtained. 

Difpofe  the  given  map  into  triangles,  by  fine 
pencilled  lines,  fuch  as  are  here  reprefented  by 
pop'd  lines  in  the  fcheme,  and  number  the  tri- 
angles with  I,  2,  3,  4,  Is'c.  Your  map  being  thus 
prepared,  rule  a  table  with  four  columns ;  the 
firft  of  which  is  for  the  number  of  the  triangle, 
the  fecond  for  the  bafe  of  it,  the  third  for  the 
perpendicular,  and  the  fourth  for  the  content  in, 
perches. 

Then  proceed  to  meafure  the  bafe  of  number  i. 
.  from  the  fcale  of  perches  the  map  was  laid  down, 

and 
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and  place  that  in  the  fecond  column  of  the  table, 
oinder  the  word  bafe ;  and  from  the  angle  oppofite 
to  the  bafe,  open  your  compaifes  fo,  as  when 
one  foot  is  in  the  angular  point,  the  other  being 
moved  backwards  and  forwards,  may  jufl  touch 
the  bafe  line,  and  neither  go  the  lead  above  or  be- 
neath it ;  that  diftance  in  the  compaiTes,  meafured 
from  the  fame  fcale,  is  the  length  of  that  perpen- 
dicular, which  place  in  the  third  column,  under 
the  word  perpendicular. 

If  the  perpendiculars  of  two  triangles  fall  on  one 
and  the  fame  bafe,  it  is  unneceffary  to  put  down  the 
bafe  twice,  but  infert  the  fecond  perpendicular  op- 
pofite to  the  number  of  the  triangle  in  the  table, 
and  join  it  with  tlie  other  perpendicular  by  a  brace, 
as  No.   I  &  2,  4  &  5,  6  &L  y,  9  &  lo,  ^c. 

Proceed  after  this  manner,  till  you'  have  mea- 
fured all  the  triangles ;  and  then  by  prob.  6.  find 
the  content  in  perches  of  each  refpedive  triangle, 
which  feverally  place  in  the  table  oppofite  to  the 
•number  of  the  triangle,  in  the  fourth  column,  un- 
der the  word  content. 

But  where  two  perpendiculars  are  joined  together 
in  the  table,  by  a  brace,  having  both  one  and  the 
fame  bafe ;  find  the  content  of  each  (being  a  tra- 
pezium) in  perches,  by  prob.  9.  which  place  op- 
pofite the  middle  of  thofe  perpendiculars,  in  the 
fourth  column,  under  the  word  content. 

Having  thus  obtained  the  content  of  each  refpec- 
tive  triangle  and  trapezium,  which  the  map  con- 
tains, add  them  all  together,  and  their  fum  will 
be 
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'97 


be  the  content  of  the  map  in  perches;  which 
b^ing  divided  by  i6o,  gives  the  cement  in  acres. 
Thus,  for 

Example. 


No. 

Bafe 

Perpend. 

Content 

I 

2 

24.8 

17.07 
16.33 

412.92 

3 

28.2 

16.0 

225.6 

4 
5 

39-8 

19.6; 
16.25 

712.42 

6 

7 
8 

49.4 

29.0? 

6.y 

1086.8 
129.64 

9 

lO 

40.0 

17.07 
13-03 

600. 

II 

12 

42.8 

10.2  ? 
12.33 

481.5 

13 

26.2 

17.9 

234.49 

14 
15 

24.0 

11.67 
10.03 

259.2 

Content  in  perches  4142.57 

This  being  divided  by  160,  will  give  2  5  A.  3R, 
22P.  the  content  of  the  map. 


17.0 
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i\   17.0  3\  28.2 

2/   16.3  /     8. 

33.3  225.6 

12.4  


1332 

666 

4\   19-^ 
5/   16.2 

333 
412.92 

35.8 
19.9 

3222 

:  3222 

358 

6\   29. 
7/  15- 

1086.8 


12/i|I2. 


22.5 


900 

225 


44.  712.42 


)»2.  8\  38.7 


) 


49.4  /     6.J 

988  2709 
988  2322                  9\   17. 
— -              10/   I '2. 


2  129.64    *  20. 

600 


259.29 

129.64 

I3N  17-9 

y  13-1 

179 

537 
179 

234.49 

3<^- 


21.4  I4\    1 1-6 

15/    1 0.0 


12.6 

12. 


481.50  —  259,2 
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Let  your  map  be  laid  down  by  the  largeft  fcale 
your  paper  will  adiiiit,  for  then  the  bafes  and  per- 
pendiculars can  be  meafured  with  greater  accuracy 
than  when  laid  down  by  a  fmaller  fcale ;  and  if 
poffible  meafure  from  fcales  divided  diagonally. 

If  the  bafes  and  perpendiculars  were  meafured 
by  four-pole  chains,  the  content  of  every  trian- 
gle and  trapezium,  may  be  had  as  before,  in  prob- 
lems 6.  and  9.  and  confequently  the  whole  content 
of  the  map. 

If  any  part  of  your  map  has  fhort  or  crook- 
ed bounds,  as  thofe  reprefented  in  plate  VII. 
fig,  5.  then  by  the  ftraight  edge  of  a  tranfparent 
horn,  draw  a  fine  pencilled  line  as  AB,  to  ba- 
lance the  parts  taken  in  and  left  out,  as  alfo  ano- 
ther, BC :  thefe  parts  when  fmall,  may  be  ba- 
lanced very  nearly  by  the  eye,  or  they  may  be 
more  accurately  balanced  by  method  the  third. 
Join  the  points  A  and  C  by  a  line,  fo  will  the 
content  of  the  triangle  ABC,  be  equal  to  that 
contained  between  the  line  AC,  and  the  crooked 
boundary  from  A  to  B,  and  to  C  :  by  this  method 
the  number  of  triangles  will  be  greatly  leflened, 
and  the  content  become  more  certain ;  for  the 
fewer  operations  you  have,  the  lefs  fubjeft  will 
you  be  to  err ;  and  if  an  error  be  committed,  the 
iboner  it  may  be  difcovered. 

The  lines  of  the  map  fhould  be  drawn  fmall, 
and  neat,  as  well  as  the  Safes  ;  the  compaffes  neatly 
pointed,  and  fcale  accurately  divided ;  without  all 
which,  you  may  err  greatly.  The  multiplications 
fhould  be  run  over  twice  at  leaft,  as  alfo  the  ad- 
ditioJi  of  the  column  content.  ~ 

From 
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From  what  has  been  faid,  it  will  be  eafy  to  furvey 
a  field,  by  reducing  it  into  triangles,  and  mea- 
furing  'the  bafes  and  perpendiculars  by  the  chain. 
To  afcertain  the  content  only,  it  is  not  material  to 
know  at  what  part  of  the  bafe  the  perpendicular 
was  taken:  fmce  it  has  been  fhewn  (in  cor.  to 
theo.  13.  fett.  I.)  that  triangles  on  the  fame 
bafe,  and  between  the  fame  parallels  are  equal: 
but  if  you  would  draw  a  map  from  the  bafes  and 
perpendiculars,  it  is  evident  that  you  muft  know  at 
what  part  of  the  bafe  the  perpendicular  was  taken, 
in  order  to  fet  it  off  in  its  due  pofition  \  and  hence 
the  map  is  eafily  ponftruaed. 

Second    Method    of  determining   the 
Area  of  Ground. 

To  determine  the  area  of  a  piece  of  ground^  having 
the  map  given,  by  reducing  it  to  one  triangle  equal 
thereto,  and  thence  finding  its  content. 

Plate  VIII.  fig.  5. 

Let  A  B  C  D  E  F  G  H  be  a  map  of  ground, 
which  you  would  reduce  to  one  triangle  equal 
thereto. 

Produce  any  line  of  the  map,  as  AH,  both 
ways;  lay  the  edge  of  a  parallel  ruler  from  A  to 
C,  having  B  above  it ;  hold  the  other  fide  of  the 
ruler,  or  that  next  you  faft;  open  till  the  fame 
edge  touches  B,  and  by  it,  with  a  protraftrng  pm, 
mark  the  point  b  on  the  produced  line ;  lay  the 
edge  of  the  ruler  from  b  to  D,  having  C  above 
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it;  hold  the  other  fide  faft,  open  till  the  fame 
edge  touches  C,  and  by  it  mark  the  point  r,  on  the 
produced  line.  A  line  drawn  from  <:  to  D  will  take 
in  as  much  as  it  leaves  out  of  the  map. 

Again,  lay  the  edge  of  the  ruler  from  H  to  F, 
having  G  above  it,  keep  the  other  fide  fail,  open 
till  the  fame  edge  touches  G,  and  by  it  mark  the 
point  gy  on  the  produced  line ;  lay  the  edge  of 
the  ruler  from  g  to  E,  having  F  above  it,  keep 
the  other  fide  fall,  open  till  the  fame  edge 
touches  F,  and  by  ic  mark  the  point/,  on  the  pro- 
duced line.  Lay  the  edge  of  the  ruler  from  f  to 
D,  having  E  above  it,  keep  the  other  fide  fall, 
open  till  the  fame  edge  touches  E,  and  by  it  mark 
the  point  ^,  on  the  produced  line.  A  line  drawn 
from  D  to  ^,  will  take  in  as  much  as  it  leaves  out. 
Thus  have  you  the  triangle  <:  D  £■,  equal  to  the  ir- 
regular polygon^  ABGDEFGH, 

If  when  the  ruler's  edge  be  applied  to  the 
points  A  and  G,  the  point  B  falls  under  the  ruler, 
hold  that  fide  next  the  faid  points  faft,  and  draw 
back  the  other  to  any  convenient  diftance ;  then. 
hold  this  laft  fide  faft,  and  draw  back  the  former 
edge  to  B,  and  by  it  mark  3,  on  the  produced 
line ;  and  thus  a  parallel  may  be  drawn  to  any 
point  under  the  ruler,  as  well  as  if  it  were  above 
it.  It  is  beft  to  keep  the  point  of  your  protracting 
pin  in  the  laft  point  in  the  extended  line,  till  you 
lay  the  edge  of  the  ruler  from  it  to  the  next  ftati- 
on,  or  you  may  miftake  one  point  for  another. 

This   may    alfo  be  performed  with  a   fcale,  or 

ruler,    which   has    a  thin  Hoped    edge,    called   a 

D  d  fiducial^ 
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fiducial,  or  fure  edge  j  and  a  fine  pointed  pair  of 
Compafles.     Thus, 

Lay  that  edge  on  the  points  A  and  C,  take  the 
diftance  from  the  point  B  to  the  edge  of  the  fcale, 
fo  that  it  may  only  touch  it,  in  the  fame  manner  as 
you  take  the  perpendicular  of  a  triangle ;  carry 
that  diO:ance  down  by  the  edge  of  the  fcale  paral- 
lel to  it,  to  b ;  and  there  defcribe  an  arc  on  the 
point  b,  and  if  it  jufl  touches  the  ruler's  edge, 
the  point  b  is  in  the  true  place  of  the  extended 
line.  Lay  then  the  fiducial  edge  of  the  fcale 
from  b  to  D,  and  take  a  diftance  from  C,  that  will 
juft  touch  the  edge  of  the  fcale ;  carry  that  dif- 
tance along  the  edge,  till  the  point  which  was  in 
C,  cuts  the  produced  line  in  c ;  keep  that  foot  in 
c,  and  defcribe  an  arc,  and  if  it  juft  touches  the 
ruler's  edge,  the  point  c  is  in  the  true  place  of  the 
extended  line.  Draw  a  line  from  c  to  D,  and  it 
will  take  in  and  leave  out  equally :  in  like  manner 
the  other  fide  of  the  figure  may  be  balanced  by 
the  line  e  D. 

Let  the  point  of  your  compafTes  be  kept  to  the 
laft  point  of  the  extended  line,  till  you  lay  your 
fcale  from  it  to  the  next  ftation,  to  prevent  mif- 
takes  from  the  number  of  points. 

That  the  triangle  c  T)  e,  \s  equal  to  the  right- 
lined  figure  ABCDEFGH,  will  be  evident  from 
problems  i8.  19.  fed.  i.  for  thereby,  if  a  line 
M^ere  drawn  from  b  to  C,  it  will  give  and  take 
equally,  and  then  the  figure  ^  C  D  E  F  G  H,  will 
be  equal  to  the  map.  Thus  the  figure  is  leflened 
by  one  fide,  and  by  the  next  balance  line  will 
leilcn  it  by  two,  and  fo  on,  and  will  give  and  take 

equally. 
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equally.     In  the  fame  manner  an  equality  will  arife 
on  the  other  fide. 

The  area  of  the  triangle  Is  eafily  obtained,  as 
before,  and  thus  you  have  the  area  of  the  map. 

It  is  befl  to  extend  one  of  the  fhorteft  lines  of 
the  polygon,  becaufe  If  a  very  long  line  be  pro- 
duced, the  triangle  vs^IU  have  one  angle  very  ob- 
tufe,  and  confequently  the  other  two  very  acute ;  in 
which  cafe  it  will  not  be  eafy  to  determine  exaftly 
the  length  of  the  longell  fide,  or  the  points  where 
the  balancing  lines  cut  the  extended  one. 

This  method  will  be  found  very  ufeful  and  ready 
in  fmall  enclofures,  as  well  as  very  exad ;  it  may 
be  alfo  ufed  In  large  ones,  but  great  care  muft  be 
taken  of  the  points  on  the  extended  line,  which  will 
be  crowded,  as  well  as  of  not  miffing  a  ftation. 


SECT. 
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Third  Method  for  determining  the  Areas   of  rigH 
lined  Figures  univerfally^  or  by  Calculation. 


ALCULATION, 


DEFINITIONS, 


Plate  VIII.  fig.  7. 

ERIDIANS  are  north  and  fouth  lines, 
which  are  fuppofed  to  pafs  through  eve- 
ry ftation,  parallel  to  each  other. 

2.  The  difference  of  latitude,  or  the  northing 
pr  fouthing  of  any  ftationary  line,  is  the  diftance 
that  one  end  of  the  line  is  north  or  fouth  from 
the  other  end ;  or  it  is  the  diftance  which  is  in- 
tercepted on  the  meridian,  between  the  beginning 
of  the  ftationary  line  and  a  perpendicular  drawn 
from  the  other  end  to  that  meridian.  Thus,  if  N. 
S.  be  a  meridian  line  pafling  through  the  point  A 
of  the  line  AB,  then  is  Ab  the  difference  of  lati- 
tude, or  fouthing  of  that  line. 

3.  The 


CALCULATION.  2o§ 

3.  The  departure  of  any  ftationary  line^  is  the 
neareft  diftance  from  one  end  of  the  line  to  a 
meridian  paffing  through  the  other  end.  Thus 
Bb  is  the  departure  or  eafting  of  the  Hne  AB : 
but  if  CB  be  a  meridian,  and  the  meafure  of  the 
ftationary  diftance  be  taken  from  B  to  A ;  then  is 
BC  the  difference  of  latitude,  or  northing,  and 
AC  the  departure  or  wefting  of  the  line  BA. 

4.  That  meridian  which  paffes  through  the  firfl: 
ftation,  is  fometirj^is  called  the  firil;  meridian ;  and 
fometimes  it  is"  a  meridian  palling  on  the  eaft  or 
weft  fide  of  the  map,  at  the  diftance  of  the  breadth 
thereof,  from  eaft  to  weft,  fet  off  from  the  firft 
ftation. 

5.  The  meridian  diftance  of  any  ftation  is  the 
diftance'  thereof  from  the  firft  meridian,  whether  it 
be  fuppofed  to  pafs  through  the  firft  ftation,  or  on 
the  eaft  or  weft  fide  of  the  map. 
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In  every  furvey  which  is  truly  taken,  the  fum  of 
the  northings  will  be  equal  to  that  of  the  fouthings  j 
^.nd  the  fum  of  the  eaftings  equal'  to  that  of  the 
'  ^eftings. 

Plate  IX.  fig.  I, 

Let  a,  b,  c,  e,f,  g,  b,  reprefent  a  plot,  or  parcel 
of  land.  Let  a  be  the  firft  ftation,  I?  the  fecond, 
c  the  third,  &c.  Let  NS  be  a  meridian  line,  theQ 
will  all  lines  parallel  thereto,  which  pafs  through 
the  feveral  ftations,  be  meridians  alfo  3  as  ao,  bs. 
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cd,  he.  and  the  lines  bo,  cs,  de,  &c.  perpendicu- 
lar to  thofe,  will  be  eaft  or  weft  lines,  or  de- 
partures. 

The  northings  ei  +go  +  bq=ao  +  bs  +  cd  +fr  the 
fouthings,  for  let  the  figure  be  completed ;  then  it 
is  plain,  that  go  +  hq  +  rk=ao  +  bs  +  cd,  and  ei — 
rk^^fr.  If  to  the  former  part  of  this  firft  equa- 
tion ei — rk  be  added,  and  fr  to  the  latter,  then 
go  +  hq  +  ei==ao  +  bs  +  cd  +fr  ;  that  is,  the  fum  of 
the  northings  is  equal  to  that  of  the  fouthings. 

The  eaftings  cs  +  qa  =  ob  +  de  +  if+rg  +  ah, 
the  weftings.  For  aq  +  yo  (az)  =de  +  if^rrg  + 
oh,  and  bo=cs — yo.  If  to  the  former  part  of 
this  firft  equation,  cs — yo  be  added,  and  bo  to 
the  latter,  then  cs  +  aq  =  ob  +  de  +  if+rg  +  oh; 
that  is,  the  fum  of  the  eaftings  is  equal  to  that  of 
the  weftings.     Q^  E.  D. 

SCHOLIUM. 

This  theorem  is  of  ufe  to  prove  whether  the 
field-work  be  truly  taken,  or  not :  for  if  the  fum 
of  the  northings  be  equal  to  that  of  the  fouth- 
inp-s,  and  the  fum  of  the  eaftines  to  that  of 
the  weftings,  tne  field-work  is  jight,  otherwife 
not. 

Since  the  proof  and  certainty  of  a  furvey  de- 
pend on  this  truth,  it  will  be  neceffary  to  ftiew 
how  the  difference  of  latitude  and  departure  for 
any  ftationary  line,  whofe  courfe  and  diftance  are 
given,  may  be  obtained  by  the  tables  hereunto 
annexed. 

To 
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To  find  the  Difference  of  Latitude  and 
Departure^  by  the  Help  of  the  an- 
nexed Table, 


This  table  is  fo  contrived,  that  by  finding  there- 
in the  given  courfe,  and  a  diftance  not  exceeding 
100  miles,  chains,  perches,  or  feet,  the  diffe- 
rence of  latitude  and  departure  is  had  by  infpec- 
tion :  the  courfe  is  to  be  found  at  the  top  of  the 
table  when  under  45  degrees;  but  at  the  bottom 
of  the  table  when  above  45  degrees.  Each  column 
figned  with  a  courfe  confifts  of  two  parts,  one  for 
the  difference  of  latitude,  marked  Lat.  the  other 
for  the  departure,  marked  Dep.  which  names  are 
both  at  the  top  and  bottom  of  thefe  columns.  The 
diilance  is  to  be  found  in  the  column  marked  Dift. 
next  the  margin  of  the  page. 

Example. 

In  the  ufe  of  thofe  tables,  a  few  obfervations  on- 
ly are  neceifary. 

1.  If  a  ftation  confift  of  any  number  of  even 
chains  or  perches  (which  are  almolt  the  only  mea- 
fures  ufed  in  furveying)  the  latitude  and  departure 
are  found  at  fight  under  the  bearing  or  courfe,  if 
lefs  than  45  degrees  ;  or  over  it  if  more,  and  in  a 
line  with  the  diftance. 

2.  If  a  ftation  confift  of  any  number  of  chains 
and  perches,  and  decimals  of  a  chain  or  perch, 
under  the  diftance  10,  the  lat.  and  dep.  will  be 
found  as  above,  either  over  or  under  the  bearing ; 

the 
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the  decimal. point  or  feparatrix  being  removed  one 
figure  to  the  left,  which  leaves  a  figure  to  the  right 
to  fpare. 

3.  If  the  diftance  be  any  number  of  chains  or 
perches,  cind  the  decimals  of  a  chain  or  perch,  the 
jat.  and  dep.  muft  be  taken  out  at  two  or  more 
operations,  by  taking  out  the  lat.  and  dep.  for  the 
chains  or  perches  in  the  firft  place,  and  then  for 
the  decimal  parts. 

To  fave  the  repeated  trouble  of  additions,  a  judi- 
cious furveyor  will  always  limit  his  ftations  to  whole 
chains,  or  perches  and  lengths,  which  can  common- 
ly be  done  at  every  ftation,  fave  the  laft. 

I.  In  order  to  illuftrate  the  foregoing  obfervati- 
ons,  let  us  fuppofe  a  courfe  or  bearing,  to  be  S. 
35°.  15  E.  and  the  diftance  79  four-pole  chains. 
Under  35°.  15',  or  7,5^  degrees,  and  oppofite  79, 
we  find  64.  52  for  the  latitude,  and  45.  59  the 
departure,  which  fignify  that  the  end  of  that  fta- 
tion differs  in  latitude  from  the  beginning  64.  52 
chains,  and  in  departure  45..  59  chains. 

Note,  We  aite  to  underftand  the  fame  things  if 
the  diftance  is  given  in  perches  or  any  other  mea- 
fures,  the  method  of  proceeding  being  exadlly  the 
fame  in  every  cafe. 

Again,  let  the  bearing  be  ^4^  degrees,  and 
diftance  as  before ;  then  over  faid  degrees  we  find 
the  fame  numbers,  only  with  this  difference,  that 
the  lat.  before  found,  will  now  be  the  dep.  and 
the  dep.  the  lat.  becaufe  54-I  is  the  complement 

of 
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of  35-^  degrees  to  90,  viz.   lat.  45.  59.  dep.  64. 

52. 

2.  Suppofe  the  fame  courfe,  but  the  diftance 
7  chains  90  links,  or  as  many  perches.  Here  we- 
find  the  fame  numbers,  but  the  decimal  point 
mufl  be  removed  one  figure  to  the  left. 

Thus,  under  35^,  and  in  a  line  with  79  or  7.9, 
are 

Lat.  6.  45 
»  Dep.  4.  s^ 

the  5  in  the  dep.  being  increafed  by  i,  becaufe  the 
9  is  rejeded  j  but  over  54^  we  get 

Lat.  4.  56 
Dep.  6.  45 

3.  Let  the  courfe  be  as  before,  but  the  diftance 
7.  79,  then  oppofite 


7.70 

9 

Lat.  6.  2§ 
7 

6.36 

Dep.  4.  43 
6 

7-  79 

4.49 

►r  oppofite 

7.  00 
•  79 

Lat.  5.  72 
.64 

Dep.  4.  03 

.46 

7-  79 

6.36 
E  e 

4.  49 

T  H  E  0. 
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When  thejirji  meridian  pajfes  through  the  map. 

If  the  eajl  meridian  dijiances  in  the  middle  of  each 
line  be  multiplied  iiito  the  particular  fouthing,  and 
the  ^ejl  meridian  dijiances  into  the  particular  north- 
ing, the  fum  of  thefe  produds  will  be  the  area  of 
the  map. 

Plate  X.  fig.   I. 

Let  the  figure  abkm  be  a  map,  the  lines  ab,  bk 
to  the  fouthward,  and  k?n,  ma  to  the  northward, 
NAS  the  firfl  meridian  line  paffing  through  the 
firll  flation  a. ' 

The  meridian  1  zd  ><  ao  1  ==  &       1  ^"^ 

Diflances  eaft  ^  tu  x  oz  fbyj  j  5  ^"^ 

The  meridian  7  ef  x  gx  ") .        7  ^P 

Diftances  weft  5  hh  x  ga^myj  5  j  ^/ 

Thefe  four  areas  am  +  ou>  -^  xp  +  gl  will  be  the 
area  of  the  whole  figure  cmfwiprlc,  which  is  equal 
to  the  area  of  the  map  abkm.  Complete  the  fi- 
gure. 

The  parallelograms  am  and  oiv,  are  miade  of  the 
eaft  meridian  diftances  dz  and  tu,  multiplied  into 
the  fouthings  ao  and  ox.  The  parallelograms  xp 
and   gl  are   compofed   of  the   weft  meridian   dil- 

tances 
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tances  ef  and  hh^  multiplied  into  the  northings  xg 
and  ga  (my)  but  thefe  four  parallelograms  are  equal 
to  the  area  of  the  map  ;  for  if  from  them  be  taken 
the  four  triangles  marked  Z,  and  in  the  place  of 
thofe  be  fubflituted  the  four  triangles  marked  O, 
which  are  equal  to  the  former ;  then  it  is  plain  the 
area  of  the  map  will  be  equal  to  the  four  paral- 
lelograms.    (^  E.  D. 
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Jf  the  meridian  dijlance  when  eaji,  be  multiplied  in' 
to  the  fouthings,  and  the  meridian  dijiance  when 
iveji  be  multiplied  into  the  northings,  the  fum  of 
thefe  lefs  by  the  meridian  diflance  when  weft, 
7nidtiplied  into  the  fouthings,  is  the  area  of  the 
furvey. 

Plate  X.  fig.  2. 

Let  a  b  che  the  map. 

The  figure  being  completed,  the  redangle  af 
is  made  of  the  meridian  diftance  eq  when  eaft, 
multiplied  into  the  fouthing  an ;  the  redtangle  yk 
is  made  of  the  meridian  di (lance  xw,  multiplied 
into  the  northing  Cz  or  ya,  Thefe  two  reftangles> 
or  parallelograms,  af  ^  yk,  make  the  area  of  the 
figure  dfnyikd,  from  which  taking  the  re<5langle 
oy,  made  of  the  meridian  diflance  tu  when  weft, 
into  the  fouthing  oh  or  bm,  the  remainder  is  the 
area  of  the  figure  dfohikd,  which  is  equal  to  the 
area  of  the  map. 

Let 
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Let  bou  =  Y,  urih  «=  L,  ric  =  C,  wrc  =  Z,  akzo 
=  K,  and  ^^"^  =  B,  ade  =  A.  I  fay,  that  Y  +  Z  +  B 
=  K  +  L  +  A. 

Y  =  L  +  O,  add  Z  to  both,  then  Y  +  Z  =  L  +  O 
H-  Z;  butZ  +  0  =  K,  put  K  mfiead  of  Z  +  O, 
then  Y  +  Z  =  L  +  K,  add  to  both  /ides  the  equal 
triangles  B  and  A,  then  Y  +  Z  H  B=L  +  K  4-  A. 
If  therefore  B  +  Y  +  Z  be  taken  from  abc,  and  in 
lieu  thereof  we  put  L  +  K  +  A,  we  fhall  have 
the  figure  dfohikd=abc,  but  that  figure  is  made 
up  of  the  meridian  diftance  Avhen  eaft,  multiphed 
into  the  fouthing,  and  the  meridian  diflance,  when 
weft,  muhiplied  into  the  northing  lefs  by  the  meri- 
dian diftance,  when  weft,  mukiphed  into  the  fouth- 
ing.   q^E.  D, 

COROLLARY. 

Since  the  meridian  diftance  (when  weft)  multipli- 
ed into  the  fouthing,  is   to  be  fubtraded,  by  the 
fame  ^eafoning  the  meridian  diftance  when   eaft, 
pultiplied  into  the  northing,  muft  be  alfo  fubtrad- ■ 
ed. 


3  C  H  O  L  I  U  M. 

From  the  two  preceding  theorems  we  learn  how 
to  find  the  area  of  a  map,  when  the  firfl:  meridi- 
an paffes  through  it ;  that  is,  when  one  part  of  the 
map  lies  on  the  eaft  and  the  other  on  the  weft  fide 
of  that  meridian.     Thus, 


U  h  E, 
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Rule. 


The  merid.  7  eafl    C  multiplied  C  fouthings 
Dill,  when  3  well  I    into  the    ^  nprthings 
their  fum  is  the  area  of  the  map. 

But, 


The  merid.  C  eaft  ")  multiplied  C  northings 
Dill,  when  i  well  3     into  the     I  fouthings 

the  fum  of  thefe  produds  taken  from  the  former, 

gives  the  area  of  the  map. 

Thefe  theorems  are  true,  when  the  furveyor  keeps 
the  land  he  furveys,  on  his  right  hand,  which  we 
fuppofe  thro'  the  whole  to  be  done ;  but  if  he  goes 
the  contrary  way,  call  the  fouthings  northings,  and 
the  northings  fouthings,  and  the  fame  rule  will 
hold  good. 


General  Rule    for   finding    Meridian 
Dijiances, 


1.  The  meridian  diflance  and  departure,  both 
^aft,  or  both  well,  their  fum  is  the  meridian  dif- 
tance  of  the  fame  name. 

2.  The  rderidian  diflance  and  departure  of  diffe- 
rent names  ;  that  is,  one  eafl  and  the  other  weft, 
their  difference  is  the  meridian  diftancQ  of  the  fame 
name  with  the  greater. 

*  Thus 
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Thus  in  the  firfl  method  of  finding  the  area, 
as  in  the  following  field-book. 

The  firfl:  departure  is  put  oppofite  to  the  north- 
ing or  fouthing  of  the  firfl:  fl:ation,  and  is  the  firfl: 
meridian  difl:ance  of  the  fame  name.  Thus  if 
the  firfl;  departure  be  eaft:,  the  firfl:  meridian  dif- 
tance  will  be  the  fame  as  the  departure,  and  eafl:  al- 
fo  J  and  if  wefl:,  it  will  be  the  fame  way. 

The  firfl:  meridian  difl:ance  6,6i  E. 

The  next  departure  6.61  E. 

The  fecond  meridian  difl:ance     13.22  E. 
The  next  departure  1.80  E. 

The  third  meridian  difl:ance      15.02  E. 


At  fl:ation  5,  the  meridian  diftance     5.78  E. 
The  next  departure  '].']^  W. 

The  next  meridian  difl:ance  1.98  W, 


At  fl:ation  1 1 ,  the  meridian  difl:ance    o.  1 2  W, 
The  next  departure  5.84  E. 

The  next  meridian  difl:ance  5.72  Jl, 


Plate  X.  fig,  3. 

In  the  5th  and  nth  fl:ations,  the  meridian  dif^ 
tances  being  lefs  than  the  departures,  and  of  a  con- 
trary name,  the  map  will  crofs  the  firfl:  meridian, 
^nd  will  pafs  as  in  the   5th  line,  from  the  eafl:  to 

•  the 
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the  weft  fide  of  the  meridian;  and  in  the  nth 
line  it  will  again  crofs  irom  the  eaft  to  the  weft 
fide,  which  will  evidently  appear,  if  the  field-work 
be  protradled,  and  the  meridian  line  pafling  through 
the  firft  ftation,  be  drawn  through  the  map. 

The  field-book  caft  up  by  the  firft  method,  will 
be  evident  from  the  two  foregoing  theorems,  and 
therefore  requires   no  further  explanation ;  but  to 
find  the  area,  by  the  fecond  method,  take  this 

Rule. 

When  the  meridian  diftances  are  eaft,  put  the 
products  of  north  and  fouth  areas  in  their  proper 
columns  ;  but  when  weft,  in  their  contrary  columns  ; 
that  is,  in  the  column  of  fouth  area,  when  the  dif- 
ference of  latitude  is  north  ;  and  in  north  area  when 
fouth  :  the  reafon  of  which  is  plain,  from  the  two 
laft  theorems.  The  difference  of  thefe  two  columus 
will  be  the  area  of  the  map. 


lELD' 
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No 
St. 

Bearings. 

C.  L. 

Lati.  and 
halfDep. 

Merid. 
Dift. 

Area. 

Dedudlion. 

I 

NE  75 

13.70 

N     3-54 
E     6.61 

6.61  E 
13.22  E 

23-3994. 

2 

NE  20i 

10.30 

N     9.65 
E     1.80 

15.02  E 
16.82  E 

144.9430 

3 

Eaft 

16.20 

0.00 
E     8.10 

24.92  E 
33.02  E 

4 

SW33i 

35-30 

S   29.44 
W   9.74 

23.28  E 
13-54  E 

685.3632 

5 

SW  76 

i6.oo 

S      3.87 
W    7.76 

5.78  E 
1.98W 

22  3686 

6 

North 

9.00 

N     9.00 
0.00 

1.98W 
1.98W 

17.8200 

7 

SW  84 

11.60 

S      1. 21 

W    5.77 

7.75W 
13.52W 

9-3775 

8 

NW53I 

ii.5o 

N     6.94 
W   4.64 

18.16W 

22.80W 

126.0304 

9 

NE  36I 

19.20 

N  15.38 
E     5-74 

17.06W 
11.32W 

262.3828 

10 

NE  2  2i 

14.00 

N   12.93 
E     2.68 

8.64W 
5.96W 

III. 7152 

II 

SE  76^ 

12.00 

S      2.75 
E     5.84 

0.12W 
5.72  E 

0.3300 

12 

SW  15 

10.85 

S    1048 
W    1.40 

4.32  E 
2.92  E 

45.2736 

^3 

SW  i6i 

10.12 

S     9.69 
W    1.46 

1.46  E 

0.00 

14.1474 

1285. 1012 
178.0499 

178.0499 

C 

ontent  in 

chains,     1 107.0513 

The 
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It  is  needlefs  here  to  infert  the  colu?nns  of  bearing  or 
dijiances  in  chains^  being  the  fame  as  before. 


No 
St. 

Lati.  and 
lialfDep. 

Merid. 
Dift. 

N.  Area. 

S.  Area. 

I 

N     3-54 
E     6.61 

6.61  E 
13.22  E 

23-3994 

2 

N     9-^5 
E     1.80 

15.02  E 
16.82  E 

144.9430 

1 

3 

0.00 
E     8.10 

24.92  E 
33.02  E 

4 

S    29.44 
W   9.74 

23.28  E 
13-54  E 

685.3632 

5 

S      3.87 
W    7.76 

5.78  E 
1.98W 

22.3686 

6 

N     9.00 
0.00 

1.98W 
1.98W 

17.8200 

7 

S         1. 21 

W    5.77 

7.75W 
13.52W 

9-3775 

8 

N     6.94 
W    4.64 

18.16W 
22.80W 

126.0304 

9 

N  15.38 
E     5.74 

17.06W 
11.32W 

262.3828 

10 

N   12.93 
E     2.68 

8.64W 
5.96W 

III. 7152 

II 

S      2.75 
E     5.84 

0.12W 
5.72  E 

0.3300 

12 

S    10.48 
VV    1.4c 

4-32  E 
2.92  E 

45.2736 

13 

S      9.69 
W    1.46 

1.46  E 

0.00 

14.1474 

178.0499 

1285. 1012 
178.0499 

Area  in 

chains, 

as  before, 

1107.0513 

F  f 
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The  ConJlriiBion  of  the  Map  from  ei- 
ther the   I  ft  or  2d  Tables, 

Plate  X.  fig.  3. 

Draw  the  line  NS.  for  a  north  and  fouth  line, 
which  call  the  firft  meridian ;  in  this  line  affume 
any  point,  as  i,  for  the  firft  flation.  Set  the 
northing  of  that  flationary  line,  which  is  3.54, 
from  I  to  2,  on  the  faid  meridian  line.  Upon 
the  point  2  raife  a  perpendicular  to  the  eaftward, 
the  meridian  diflance  being  eaflerly,  and  upon  it 
fet  13.22,  the  fecond  number  in  the  column  of 
meridian  diflance,  from  2  to  2,  and  draw  the  line 
I  2,  for  the  fir  11  diftance  line :  from  2  upon  the  , 
firft  meridian,  fet  the  northing  of  the  fecond  fta-  ^ 
tionary  line,  that  is,  9.65  to  3,  and  on  the  point 
3  ere6t  a  perpendicular  eaftward,  upon  which 
let  the  meridian  diftance  of  the  fecond  ftation 
16.82,  from  3  to  3,  and  draw  the  line  2  3,  for 
the  diftance  line  of  the  fecond  ftation.  And 
fince  the  third  ftation  has  neither  northing  nor 
fouthing,  fet  the  meridian  diftance  of  it  33.02, 
from  3  to  4,  for  the  diftance  line  of  the  third  fta- 
tion. To  the  fourth  ftation  there  is  29.44,  fouth- 
ing, which  fet  from  3  to  5  ;  upon  the  point  5  ereft 
the  perpendicular  5  5,  on  which  lay  13.54,  and 
draw  the  line  4  5. 

.In  the  like  manner  proceed  to  fet  the  northings 
and  fouthings  on  the  firft  meridian,  and  the  meri- 
dian diftances  upon  the  perpendiculars  raifed  to 
the  eaft  or  weft  ;  the  extremities  of  which  connect- 
ed by  right  lines,  will  complets  the  map. 

A  Spe^ 
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A  specimen  of  the  Pennfyhania  Me- 
thod of  CALCULATION; 
%vhich,  for  its  Simplicity  and  Eafe, 
in  finding  the  Meridian  Dijiances,  is 
fuppofed  to  he  preferable  in  PraBice 
to  any  Thing  heretofore  pubUjhed  on 
the  SubjeB, 

FIND  in  the  firfl  place,  by  the  following  ta- 
bles, the  lat.  and  dep.  for  the  feveral  courfes 
and  diftances,  as  already  taught ;  and  if  the  fur- 
vey  be  truly  taken,  the  funis  of  the  northings 
and  fouthings  will  be  equal,  and  alfo  thofe  of  the 
eaflings  and  wellings.  Then  in  the  next  place, 
find  the  meridian  diftances,  by  choofing  fuch  a 
place  in  the  column  of  eaftings  or  weftings,  as 
will  admit  of  a  continual  addition  of  the  one,  ^nd 
fubtraftion  of  the  other ;  by  which  n^eans  we 
avoid  the  inconvenience  of  changing  the  denomi- 
nation of  either  of  the  departures. 

The  learner  muft  not  ~  exped  that  in  ye^l  prac- 
tice the  columns  of  lat.  and  thpfe  of  dep.  will 
exactly  balance  when  they  are  at  firft  added  up, 
for  little  inaccuracies  will  arife,  both  from  the  ob- 
ferv^-rtions  taken  in  the  fi,eld,  and  in  chaining; 
which  ^o  adjuft,  preyious  to  finding  tjie  meridian 
diftances,  we  may  obferve,  That  if,  in  fmall  fur- 
veys,  the  difference  amount  to  two  tenths  of  a 
perch  for  every  ftation,  there  mijft  have  been  fome 
error  committed  in  thp  fiejd ;  and  the  beft  way 
in  this  cafe,  will  be  to  redify  it  pn  the  ground  by 
a  re-furvey,  or  at  leaft  as  inuch  as  will  difcover 
ihe  error.     But  \yhea  the  dlfterence^s  are  within 

.  thefe 
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thefe  limits,  the  work  may  be  balanced  in  the 
following  manner :  on  a  flate,  or  feparate  piece 
of  paper,  find  the  lat.  and  dep.  to  each  courfe 
and  diftance,  as  in  the  following  example,  oi- 
ferving  to  add  an  half  of  the  differences  to  the 
numbers  in  the  leffer  column,  and  to  fubtraft  it 
from  thofe  of  the  greater,  in  fuch  manner,  as  that 
the  numbers  may  be  altered  nearly  in  proportion 
to  their  correfponding  dillances. 
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The  latitudes  and  departures  being  thus  ba- 
lanced, proceed  to  infert  the  meridian  dif- 
tances  by  the  above  method,  where  we  ftill  make 
ufe  of  the  fame  field-notes,  only  changing  chains 
and  links  into  perches  and  tenths  of  a  perch. 
Then  by  looking  along  the  column  of  depar- 
ture, it  is  eafy  to  obferve,  that  in  the  columns  of 
eafling,  oppofite  ftation  9,  all  the  eaftings  may 
be  added,  and  the  weftings  fubtrafted  without  al- 
tering the  denomination  of  either.  Therefore 
by  placing  46.0,  the  eaft  departure  belonging  to 
this  ftation  in  the  column  of  meridian  diftances, 
and  proceeding  to  add  the  eaftings  and  fubtraft 
the  weftings,  according  to  the  rule  already  men- 
tioned, we  Ihall  find  that  at  ftation  8,  thefe  dif- 
tances will  end  in  o,  o,  or  a  cypher,  if  the  ad- 
ditions and  fubtradions  be  rightly  made.  Then 
multiplying  the  upper  meridian  diftance  of  each 
ftation  by  jts  refpeftive  northing  or  fouthing, 
the  produft  will  give  the  north  or  fouth  area,  as 
in  the  examples  already  infifted  on,  and  which  is 
fully  exemplified  in  the  annexed  fpecimen.  When 
thefe  produfts  are  all  made  out,  and  placed  in 
their  refpedive  columns,  their  difference  will 
give  double  the  area  of  the  plot,  or  twice  the 
number  of  acres  contained  in  the  furvey.  Di- 
vide this  remainder  by  2,  and  the  quotient  thence 
arifing  by  160  (the  number  of  perches  in  an  acre) 
then  will  this  laft  quotient  exhibit  the  number 
of  acres  and  perches  contained  in  the  whole  fur- 
vey; which,  in  this  example,  maybe  called  no 
acres,  103  perches,  or  no  acres,  2  quarters,  23 
perches. 


FIELD- 
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FIELD-NOTES  of  the  two  for e^ 
going  Methods  J  as  praBifed  in  Venn- 
Jyhania, 

Cafl  up  by  perches,  and  tenths  of  a  perch. 
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Coniaining  the  Nature  of  Off-fets  and  HlerfeBions ; 
the  Methods  cf  enlarging,  difninijhing,  and  con- 
neding  Maps ;  the  Variation  of  the  Compafs  and 
its  Ufes  in  Surveying;  with  three  other  very  ufe- 
ful  Problems ;  the  whole  concluding  with  fome 
neceffary  Direilions  concerning  Surveys  in  general. 
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IN  taking  fifrveys  it  Is  rnlfleceffary  and  uniifuaP 
to  make  a  ftatioft  at  every  arigular  point,  be- 
caufe  the  field-work  can  be  taken  with  much  greater 
expedition,  by  ufing  off-fets  and  interfe6tions,  and 
with  equal  certainty  j  efpecially  where  creeks,  &t. 
bound  the  furvey. 

Off-lets  are  perpendicular  lines  drawn  or  mei- 
fured  from  the  angular  points  of  the  land,  that  lie 
on  the  right  or  left  hand  to  the  ftationary  diftaiice, 
thus, 

Plate  XI.  fig.  2. 

Let  the  black  lines  reprefent  the  boundarias  of  a 
farm    or   t-©v/n-fhip :    ani   hx.    i    be   the  firfl  fta- 

tion. 
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tion,  then  if  you  have  a  good  view  to  2,  omit 
the  angular  points  between  i  and  2,  and  take  the 
bearing  and  length  of  the  ftationary  line  i,  2,  and 
infert  them  in  your  field-book :  but  in  chaining 
from  I  to  2,  (top  at  d  oppofite  to  the  angular  point 
a,  and  in  your  field-book  infert  the  diflance  from 
I  to  d,  which  admit  to  be  4C.  25L.  as  well  as  the 
meafure  of  the  off-fet  ad,  which  admit  to  be  iC. 
12L.  thus;  by  the  fide  of  your  field-book  in  a 
line  with  the  firft  ftation,  fay  at  4C.  25L.  iC. 
12L.  that  is,  at  4C.  25L.  there  is  an  off-fet  to  the 
left  hand  of  iC.   12L. 

This  done,  proceed  on  your  diflance  line  to  e, 
oppofite  to  the  angle  b,  and  meafure  eb,  fuppofing 
then  I  e  to  be  7C.  40L.  and  eb  3C.  40L.  Say  (ftill 
in  a  line  with  the  firft  flation  in  your  field-book) 
"  at  7C.  40L.  L.  3C.  4cL."  that  is,  at  7C.  40L. 
there  is  an  off-fet  to  the  left  of  3C.  40L.  proceed  then 
with  your  diflance  line  to  f,  oppofite  to  the  angle 
c,  and  meafure  fc  ;  fuppofe  then  i  f  to  be  13C.  and 
fc  iC.  25L.  fay  in  the  fame  line  as  before,  at  13C. 
L.  iC.  25L.  Then  proceed  from  f  to  2,  and  you 
will  have  the  meafure  of  the  entire  flationary 
line  I,  2,  v/hich  infert  in  its  proper  column  by  the 
bearing. 

In  taking  ofF-fets,  it  is  neceffary  to  have  a  perch 
chain,  or  a  flaffof  half  a  perch,  divided  into  links 
for  meafuring  them ;  for  by  thefe  means  the  chain 
in  the  flationary  line  is  undiflurbed,  and  the  num- 
ber of  chains  and  links  in  that  line  from  whence, 
or  to  which,  the  olf-fets  are  taken,  may  be  readily 
known. 

Having  arrived  at  the  fecond  flation,  if  you  find 
your  view  will  carry  you  to  3,  take  the  bearing 
from  2  to    1,  and  in  meafurin?  the  diflance  line, 

flop 


Of    O  F  F  -  S  E  T  JB.  it^ 

flop  at  1  oppofite  g;  admit  2I  to  be  4C.  lol^, 
and  the  ofF-fet  Ig  iC.  20L.  then  in  a  line  with 
the  fecond  Nation  in  your  fieidrbook,  lay  at  4G, 
foL.  R.  jC*  20L.  that  is,  the  ofF-fet  is  a  right-hand 
pne  of  iC.  20L.  Again  at  m,  which  fuppofe  to  be 
jLoC  25L.  from  2;  take  the  off-fet  mh  jof  iC 
;  J.5L*  and  in  a  line  with  the  fecond  ftation,  fa^  at 
loC.  25L.  R.  iC.  15L.  In  the  fame  line  when  you 
come  to  the  boundary  at  i,  infert  the  ditlance  2/, 
13C  loL.  thus,  at  13C.  ioL,o;  that  is,  at  33C. 
idL.  there  is  one  off-fet.  At  n,  which  is  15C.  from 
2,  take  the  off-fet  ?ik  45L.  and  ftill  oppolite  to  the 
fecond  flation  fay  at  15C.  L.  45L. 

Let  the  line  3,  6,  reprefent  the  |>oundary,  which 
by  means  of  water,  briers,  or  any  other  impedi- 
ment cannot  be  meafured.  In  this  cafe  make  one 
or  more  ftations  within  or  without  the  land,  where 
the  diftances  may  be  meafured,  and  draw  a  line 
from  the  beginning  of  the  firft  to  the  end  of  the 
laft  diftance,  thus ;  make  ftations  at  3,  4,  and  5, 
taking  the  bearings,  and  meafuring  the  diftances 
as  ufual,  which  infert  in  your  field-book,  and  draw 
a  mark  like  one  fide  of  a  parenthefis,  from  the  third 
to  the  fifth  ftation,  to  ftiew  that  a  line  drawn  from 
the  third  ftation  to  the  furtheft  end  of  the  fifth  fta^ 
tionary  line  will  exprefs  the  boundary.     Thus, 

No.  Sta.  Deg.  Ch.  L. 

/3         i72i  5-45 

I  4  200  13.25 

\5        250  3.36 

Suppofe  the  point  p  of  the  boundary  to  be  inac- 
ceffible,  by  means  of  the  lines  6p  or  py,  being 
overflowed,  or  that  of  a  quarry,  furze,  &c.  might 
prevent  you  taking  their  lengths :  in  this  c^fe 
take  the  bearing  of  the  line  6,  7,  which  infert  op- 
G  g  pofite 
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pofite  to  the  fixth  ftation  in  your  field-book  with 
the  other  bearings  ;  then  dired  the  index  to  the 
point/,  and  infert  its  bearing  on  the  left  fide  of  the 
field-book,  oppofite  to  the  fixth  ftation,  annexing 
thereto  the  words.  Int.  for  boundary  ;  and  having 
meafured  and  inferted  the  diftance  6,  7,  fet  the  in- 
dex in  the  diredion  of  the  line  yp,  and  infert  its 
bearing  on  the  left  of  the  feventh  ftation  of  the 
field-book,  annexing  thereto  the  words  Int.  for 
boundary  ;  the  crofting  or  interfeclion  of  thefe  two 
bearings  will  determine  the  point  />,  and  of  courfe 
the  boundary  ^p"]  is  alfo  determined. 

If  your  view  will  then  reach  to  the  firft  ftation, 
take  its  bearing,  ftationary  line,  and  off"-fets,  as 
before,  and  you  have  the  field-book  completed. 
Thus, 

The  F  I  E  L  D  -  B  o  o  K. 


Remarks  and  Interfe(5l. 

No 
St. 

Deg. 

Ch.  L. 

0  P  F  -  S  E  T  S. 

318  Int.  to  a  tower 

I 

358 

22.12 

At  4C.  25Z,.  L.  \C. 
12L.  at  7C.  40/..  L. 
3C.  40Z.  at  i^C.  L. 
\C.    25X. 

23 it  Int.  to  ditto 

-y 

297I 

21.12 

At^C.  \oL.R.iC.2oL. 
atioC.  25Z.  R.  iC. 
15Z.  at  l^C.  loL.O. 
at  15 C.  L.  45L. 

/ 

3 

I72i 

5-45 

( 

4 

200 

n-^-s 

V 

? 

250 

3-3C' 

155-1  Int.  forbound. 

6 

12^ 

1 5.1  If 

274  Int.  for  ditto 

7 

105; 

15.10 

At  I C. 20L.  L.2C.  20L. 
:  at  yC.  45Z.  L.2C. 
32iy.  at  I  iC.  2jL.  0. 

1 

at  12C.  2^L.  R.  ■},6L. 

Clofe  at  the  firft  ftatbn. 

If  you  would  lay  down  a  tower,  houfe,  or  any 
other  remarkable  objeQ:  in  its  proper  place  j  from 

any 
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any  two  ftations  take  bearings  to  the  objetSl,  and 
their  interfe£lion  will  determine  the  place  where 
you  are  to  infert  it,  in  the  manner  that  the  tower 
is  fet  out  in  the  figure,  from  the  interfedions  .taken 
at  the  iirft  and  fecond  ftations  of  the  above  field- 
book. 

A  protraftion  of  this  will  render  all  plain,  on 
which  lay  off  your  ofF-fets  and  interfe<!^ions,  and 
proceed  to  find  the  content  by  any  of  the  methods 
in  feftion  the  4th. 

*The  foregoing  field-hook  may  he  otherwife  kept,  thus. 


Remarks  and  Interfeition. 

No 

St. 

Deg. 

L.han. 
Off-fit 
Ch.L. 

1. 12 

3-40 
1.25 

0.45 

Dift. 
Ch.  L. 

R.han. 
Off-fet 
Ch.L. 

318  Int.  to  a  tower 
231!  Int.  for  ditto 

( 

I55i:  Int.  for  boundaries 
274  Int.  for  boundary- 

I 

358 

4.25 

7.40 

13.00 

22.12 

4.10 
10.25 
13.10 
15.00 
21.12 

545 
13-25 

336 
15.15 

1.20 

7-45 
11.25 
12.25 
15.10 

2 

297I 

1.20 
1. 15 

3'i72i 

4  200 

5  250 

6  125 

2.20 
2.32 

7 

105 

0.36 

Clafe  at  the  firft  ftatipn* 
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Hsw  t<^  citji  tip  fiff-fets  by  the  pn. 

Pl^e  XI.  %.  U. 

i,  2^tfi=if,  if^'U^ft,  le-'-id^id. 

Then  id  ^^  \da=  ida,  by  prob.  6.  page  183, 
afid  I-  ed  y^  da-^  th^^adeh  by  the  doftrine  bi  tfa- 
p^^fa  ;'  aifd  1/^  X  eh+fc^befc,  arid  2/x  \fc—cfl ; 
the  ftirtt  of  all  \<fhich  \fill  be  idbcii  J  the'  ar^a  con- 
tained between  the  flationary  line  i,  2,  atfd  th^ 
boundary,  i  abc  2. 

In  the  fame  manner  you  may  find  the  area  of 
2/%2  of  iky,  as  well  as  what  is  without  and  with- 
infide  of  the  flationary  line  7,  i. 

If  therefore  the  left  hand  off-fets  exceed  the 
right  hand  ones^  it  is  plain,  the  excefs  mujfl  be 
added  to  the  atea  withiri  the  flationary  lines,  but 
if  the  right  hand  off-fets  exceed  the  left  hand 
ones,  the  difference  murt  be  deduced  from  Lhe 
faid  afea ;  if  the  ground  be  kept  on  the  right  hand 
as  w*e  have  all  along  fUppofed  ;  or  in  words  thus  ; 

'ftfMd  the  contents  of  off-fets,         ^ 

1.  trom  the  d'flance  liiie^  take  the  diflatice  to 
the  preceding  oli-fet,  and  from  that  the  diflance  of 
the  one  preceding  it^  &C.  in  four-pole  chailis ;  fo 
•will  you  haVe  the  refpeclive  diflances  from  off-fet 
to  ofi-fet,  but  in  a  retrogt-ade  order. 

2.  Multiply  the  lafl  of  thefe  remainders  by  -f 
f:he  firit  off-fet,    the   next   by   -^  the  fum  of  the 

lira 


Of    O  F  F  -  S  E  T  S.  229 

fif ft  and  fecond,  the  next  by  half  the  fttfA  Of  the  fe* 
cond  and  thifd,  the  next  by  ha!f  the  fttm  of  the 
third  and  fourth,  &c.  The  fum  of  thefe  will  be 
the  area  produced  by  the  off-fets. 

Thus,  in  the  for^gbing  field-bod'k,  the  firft  rta* 
tlonary  line  is  22C.  12L.  or  iiC.  12L.  of  four-pole 
chains.     See  the  figure. 

Ch.  L.  Ch.  L.  Gh.  £. 

Ffdm  11.12=^132         6.^e^^t/        ^.gb^^ie 
take    6.^0=  if         3.90=  ie        2.25=^1^ 

4.62=2/  2.6o=ef         i.S^=ed 


Ch.  L.  

i^/=2.25^32L.  half  the  firft  ofF-fet^^  .^260 

ed=i.6<f>^  iC.  26L.-|-thefumofthe  ift&  2d  2.0790 
^=  2.60X1C.  32L.  ythefum  of  2d&;  ^d*=  3.432^ 
af=  4.62X37L.  half  the  laft  off-feti='  ^•7094 

Content  of  left  Dff-fets  on  the  fitft  <^ft.         ■«■■  .^  t-t.' 
in  fquare  four-pole  chains  7-9404 

In  like  triaflner  the  reft  are  performed* 
The  fum  of  the  left  hand  ofF-fets  will  be       14:6%  ^6 
And  the  fum  of  the  right  hand  ones  3-6825 

Escefs  of  left  h^nd  cyfF-fets  ifi  fqu.  4  pole  C.  1 0^463 1 

•  Acre©  I -0403 1 


Perch  6.449^ 

Exdefs  (5f  left  hand  off-fet§  aboVg  the  right  haftd 
bnes,  I  A.  oR.  6P.  to  be  added  td  thd  sltea  within 
the  ftationary  lines. 

Of 
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How  to  find  the  Area  cf  a  Piece  of  Ground  by  Inter- 
fedions  only,  when  all  the  Angles  of  the  Field  can 
he  feen  from  any  two  Stations  on  the  Oiitfide  of 
the  Ground, 


Plate  XII.  fig.   I. 

LET  ABCDEFGA  be  a  field,  H  and  I  two 
places  on  the  outfide  of  it,  from  whence  an 
objetl;  at  every  angle  of  the  field  may  be  feen. 

Take  the  bearing  and  diftance  between  H  and 
I,  and  fet  that  at  the  head  of  your  field-book,  as 
in  the. annexed  one.  Fix  your  inflrument  at  H, 
from  whence  take  the  bearings  of  the  feveral  an- 
gular points,  A,  B,  C,  D,  Is'c.  as  they  are  here  re- 
prefented  by  the  lines  HA,  HB,  HC,  HD,  b'r. 
Again  fix  your  inflrument  at  I,  and  take  bearings 
to  the  fame  angular  points,  reprefented  by  the  lines 
I  A,  IB,  IG,  ID,  ^c.  and  let  the  firft  bearings 
be  entered  in  the  fecond  column,  and  the  fecond 
bearings  in  the  third  column  of  your  field-book: 
then  it  is  plain  that  the  points  of  interfedion,  made 
from  the  bearings  in  the  fecond  and  third  columns 
of  every  line,  will  be  the  angular  points  of  the 
field  or  the  points  A,  B,  C,  D,  'tffc.  which  points 
being  joined  by  right  lines,  will  give  the  plan 
ABCDEFGA  required. 

Bea^ 
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Bea.  1 80  Dif.  28C.  of  the  Sta.  H  and  I. 


No. 

Bear. 

Bear. 

A 

26lf 

331T 

B 

^^5\ 

3177 

C 

248 

307t 

D 

238! 

289 

E 

215T 

2624- 

F 

208^ 

286^ 

G 

220 

300 

The  fame  may  be  done  from  any  two  ftatlons 
within-fide  of  the  land,  from  whence  all  the  an- 
gles of  the  field  can  be  feen. 

This  method  will  be  found  ufeful  in  cafe  the 
ftationary  diflances  from  any  caufe  prove  inacceffi- 
ble,  or  fhould  it  be  required  to  be  done  by  one  par- 
ty, when  the  other  in  whofe  polTeffion  it  is,  refufes 
to  admit  you  to  go  on  the  land. 


To  find  the  content  of  a  field  by  calculation,  which 
was  taken  by  interfedion. 


In  the  triangle  AIH,  the  angles  AHI,  AIH, 
and  the  bafe  HI  being  known,  the  perpendicular 
Aa,  and  the  fegments  of  the  bafe  H/7,  A I  may  be 
obtained  by  trigonometry :  and  in  the  fame  man- 
ner all  the  other  perpendiculars  BZ>,  Cr,  T>d,  Ee, 
¥f,  Gg,  and  the  feveral  fegments  at  b,  c,  d,  e,f,  and 
g :  if  therefore  the  feveral  perpendiculars  be  fup- 
pofed  to  be  drawn  in  the  fcheme  (which  are  here 
omitted  to  prevent  confufion  arifmg  from  a 
multiplicity    of    lines)    it    is   plain    that  if    from 

^BCDE^^, 
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bBCDE£b,  there  be  tal?£n  bBAGTeh,    the  remain- 
der will  be  the  map  ABqDEFGA. 

As  before,  half  the  fum  pf  B^,  and  C^,  multi- 
plied by  be,  will  be  the  area  of  the  trapezium  bhCc ; 
after  the  fam^  manner,  half  the  fum  of  Cc,  and 
T)d,  multiplied  by  fd,  will  give  the  area  of  the  tra- 
pezium cCDd  ;  and  again,  half  the  fum  of  Ud,  and 
Ef  multiplied  by  de,  gives  the  area  of  the  trape- 
zium dDEe ;  and  the  fum  of  thefe  three  trapezia 
will  be  the  area  of  the  figure  ^BCD^^. 

•A^ii>9  in  tfee  f^me  manner,  half  the  fum  of  B^, 
and  aA  multiplied  by  ab^  will  give  the  area  of  tlie 
trapezium  b^Ka ;  and  half  the  fum  of  a  A,  and 
gQ,  by  (^g->  gives  tloe  trapezium  ahGg ;  to  thefe 
.9,d4  the  trapezia  gGVf,  and/FE^,  which  are  found 
in  the  like  manner,  and  you  will  have  the  figure 
^BAGFEd-^,  and  this  taken  from  b^CDeb,  will 
leave  the  map  ABCDEFGA.     (^  E.  F. 

It  will  be  fufficient  to  protraft  this  kind  of  work, 
aB.(J  frpm  tjie  map  to  determine  the  area,  as  well 
as  in  plate  X.  fig,  3.  to  find  the  areas  of  the  pieces 
3,  4,  5,  6,  3,  and  6,  7,  7,  6,  from  geometrical  con- 
fiiruftioiis. 


Hq^  to  determine  the  Jiatim  where  a  fault  has  been 
committed  i?i  a  field-book^  without  the  trouble  of  go- 
ing round  the  whole  ground  a.  fecond  time. 

from  every  fourth  or  fifth  ftation,  if  they  be  not 
very  long  ones,  or  oftner  if  they  are,  let  an  inter- 
fedlpxi  bv  taken  to  any  obje<9:,  as  to  any  particular 

part 
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part  of  a  caftle,  houfe,  or  cock  of  hay,  &c.  or 
if  all  thefe  be  wanting,  to  a  long  Half  with  a  white 
iheet  or  napkin  fet  thereon  to  render  the  objeft 
more  confpicuous,  and  let  this  be  placed  on  the 
fummit  of  the  land,  and  let  the  refpedive  inter- 
fedions  fo  taken  be  inferted  on  the  left  hand  fide 
of  the  field-book,  oppofite  to  the  flations  from 
whence  they  were  reipedively  taken. 

In  your  protraction  as  you  proceed,  let  every  in- 
terfe£tion  be  laid  off  from  the  refpedive  flations 
from  whence  they  were  taken,  and  let  thefe  lines 
be  continued ;  if  they  all  converge  or  meet  in  one 
point,  we  thence  conclude  all  is  right,  or  fo  far  as 
they  do  converge ;  but  if  we  find  a  line  of  inter- 
fedion  to  diverge  or  fly  off  from  the  reft,  we  may 
be  fure  that  either  a  miftak^  has  happened  between 
the  ftation  the  foregoing  interfeclion  was  taken 
at,  and  the  ftation  from  whence  the  interfedion 
line  diverges,  or  there  muft  be  an  error  in  the 
interfedtion ;  but  to  be  affured  in  which  of  thefe 
the  fault  is,  protrafk  on  to  the  next  interfeftion, 
and  having  fet  it  off,  if  it  converges  with  the  reft, 
tho*  the  foregoing  one  did  not,  we  may  conclude 
the  fault  was  committed  in  taking  the  laft  inter- 
feftion  but  one,  and  none  in  any  ftation,  and  that 
fo  far  is  true  as  is  pr6tra6led ;  but  if  this  as  well  as 
the  foregoing  interfedion  diverge,  or  fly  from  the 
point  of  concourfe  or  converging  point  of  the  reft, 
the  error  muft  have  its  rife  from  fome  ftation  or 
ftations,  at  ®r  after  that,  from  v/hence  the  laft  con- 
verging interfeftion  line  was  taken ;  fo  that  by  go- 
ing to  that  ftation  on  the  ground  and  proceeding  on 
to  that  where  the  next,  or  from  whence  the  follow- 
ing diverging  interfedion  was  taken,  we  can  readi-* 
dily  and  with  little  trouble  fet  aU  to  rights. 

H  h  But 
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But  in  mod  tradts  of  land,  one  objeft  cannot 
be  feen  from  every  ftation,  or  from  perhaps  one 
fourth  of  them  j  in  this  cafe  we  are  under  the  ne- 
ceffity  to  move  the  pole  after  we  begin  to  lofe 
fight  of  it,  to  fome  other  part  of  the  land,  where 
it  may  be  feen  from  as  many  more  ftations  as  pof- 
fible  ;  which  is  eafily  done  by  viewing  the  bounda- 
ry before  it  be  furveyed  :  the  pole  then  being  fixed 
in  an  advantageous  place,  the  firfl  interfeclion  to  it 
is  beft  to  be  made  from  the  fame  ftation  from 
whence  the  lafl  one  was  taken,  and  then  as  often 
as  may  be  thought  convenient,  as  before :  in  like 
manner  the  v/hole  may  be  done  by  the  removal  of 
the  pole. 

When  we  here  fpeak  of  flations,  we  do  not  mean 
fuch  as  are  ufually  taken  at  every  particular  angle 
of  the  field  :  for  it  is  to  be  apprehended,  that  every 
fkilful  furveyor,  particularly  fuch  v/ho  ufe  calcu- 
lation, will  take  the  longed  diftances  poffible,  not 
only  to  leiTen  the  number  of  ftations,  for  the  eafe 
of  either  protraction  or  calculation,  but  with  greater 
certainty  to  account  for  the  land  paffed  by,  on 
the  right  hand  or  on  the  left,  which  is  taken  by 
ofF-fets :  and  furely  it  will  be  allowed  that  any  mea- 
fure  taken  on  the  ground  and  the  content  thence 
arithmetically  computed,  wilF  be  much  more  accu- 
rate than  that  which  is  obtained  from  any  geome- 
trical projection. 

From  what  has  been  faid  it  is  plain,  that  from 
this  method  any  fault  committed  in  a  furvey  can 
be  readily  determined,  and  therefore  mull  be  much 
preferable  to  the  prefent  method  of  taking  diago- 
nals, or  the  bearings  and  lengths  of  lines  acrofs 
land,  to  accomplifh  that  end;  which  laft  method 
is  too  frequently  ufed  by  furveyors  to  approximate 

or 
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or  arrive  near  the  content,  which  will  ever  remain 
uncertain,  let  thefe  diagonals  be  ever  fo  many, 
till  the  ftation  or  flations  wherein  the  error  or 
errors  were  committed,  be  found ;  and  the  fault 
or  faults  be  correded.  ,  :, 

Where  one  diagonal  is  taken,  it  may  perhaps  clofe 
or  meet  with  one  part  of  the  furvey  and  not  with 
the  other ;  in  this  cafe,  if  the  furveyor  would  dif- 
cover  his  error,  he  mud  furvey  that  part  of  the 
land  which  did  not  clofe,  and  this  may  be  half  or 
more,  of  the  whole.  And  ihould  the  diagonal  clofe 
with  neither  part,  but  be  too  long,  or  too  fhort,  or 
ihould  it  fall  on  either  fide  of  the  affigned  point  it 
was  to  clofe  with,  he  ought  to  go  over  the  whole, ' 
and  make  a  new  furvey  of  it  in  order  to  difcover 
his  error. 

A  number  of  diagonals  are  frequently  taken,  the 
fiim  of  the  lengths  of  which  very  often  exceeds  the 
circuit  of  the  ground,  and  after  all  they  are  but  ap- 
proximations, and  the  content  remains  uncertain  as 
before  ;  therefore  he  who  returns  a  map,  made  up  by 
the  affiftance  of  diagonals,  v/here  there  remains  a  mif- 
clofure  in  any  one  part,  runs  the  rifque  of  being  de- 
tected in  an  error,  and  mull  fuffer  uneafmefs  in  his 
mind,  as  he  cannot  be  certain  of  the  return  he  makes. 

The  frequent  mifclofures  v/hich  are  botched  up  by 
diagonals,  oecafion  the  many  and  frequent  fcandalous 
broils  and  animofities  between  furveyors,  which  tend 
to  the  lofs  of  character  of  the  one  or  the  other,  and 
indeed  often  to  the  difrepute  of  both,  as  well  as  to 
that  of  the  fcience  they  profefs. 

But  thefe  may  be  eafily  remedied  by  interfedlions, 
and  the  bearing  or  line  be  adjufted  v/here  the  fault 
was  committed,  and  till  this  be  found,  nothing  can 
be  certain. 

To 
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How  fo  enlarge  or  diminifh  a  Map,  or  how  to  reduce 
a  Map  from  one  Scale  to  another :  alfo  the  Manner 
of  uniting  feparate  Maps  of  Lands  which  join  each 
other,  into  one  Map  of  any  ajjigned  Size. 

LA  Y  the  map  you  would  enlarge,  over  the  pa- 
per on  which  you  would  enlarge  it,  and  with 
a  fine  protraQ:ing  pin,  prick  thro'  every  angular  point 
of  your  map,  join  thefe  points  on  your  paper  (lay- 
ing the  map  you  copy  before  you)  by  pencilled  or 
popped  lines,  and  you  have  the  copy  of  the  map 
you  are  to  enlarge :  in  this  manner  any  protraftion 
may  be  copied  on  paper,  vellum,  or  parchment  for 
a  fair  map. 

if  you  would  enlarge  a  map  to  a  fcale  which  is 
double,  or  treble,  or  quadruple  to  that  of  the  map  to 
be  enlarged,  the  paper  you  muft  provide  for  its  en- 
largement mull  be  two,  or  three,  or  four  times  as 
long  and  broad  as  the  map  j  for  which  purpofe  in 
large  things  you  will  find  it  neceffary  to  join  feveral 
Iheets  of  paper,  and  to  cement  them  with  white 
wafer  or  pafte,  but  the  former  is  beft. 

Then  pitch  upon  any  point  in  your  copied  map, 
for  a  center  ;  from  whence  if  diftances  be  taken  to 
its  extreme  points,  and  thence  if  thofe  diftances  be 
let  in  a  right  line  with  (but  from)  the  center,  and 

thefe 
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thefe  laft  points  fall  within  your  paper,  the  map 
may  be  increafed  on  it  to  a  fcale  as  large  again  as 
its  own ;  and  if  the  like  diftances  be  again  fet 
outwards  in  right  lines  from  the  center,  and  if 
thefe  laft  points  fall  within  your  paper,  it  will  con- 
tain a  map  increafed  to  a  fcale  three  times  as  Jarge 
^s  its  own,  &c. 

Plate  XII.  fig.  2. 

Let  the  pricked  or  popped  lines  reprefent  the 
copy  of  a  down  or  old  furvey,  laid  down  by  a 
fcale  of  80  perches  to  an  inch,  and  let  it  be  re- 
quired to  enlarge  it  to  one  laid  down  by  40  to  an 
inch. 

Pitch  upon  your  center  as  © ,  from  whence  thro* 
a  lay  the  fiducial  edge  of  a  thin  ruler,  with  a 
fine  pointed  pair  of  compaffes,  take  the  diftance 
from  a  to  the  center  ©,  and  lay  it  by  the  ruler'i 
edge  from  ^  to  A:  in  the  like  manner  take  the 
diftance  from  the  next  ftation  b  to  the  center  0, 
and  lay  it  over  in  a  right  line  from  b  to  B,  and 
join  the  points  A  and  B  by  the  right  line  AB :  in 
the  like  manner  fet  over  the  diftance  from  ev«ry 
ftation  to  the  center,  from  that  ftation  outwards, 
and  you  will  have  every  point  to  enlarge  to ;  the 
joining  of  thefe  conftantly  as  you  go  on  by  right 
lines,  will  give  you  the  enlarged  map  required. 

In  taking  the  diftances  from  every  ftation  to 
the  center,  fet  one  foot  of  the  compaffes  in  the 
ftation,  and  the  other  very  lightly  over  the  cen- 
ter-point, fo  lightly  as  fcarcely  to  touch  it,  other-, 
wife  the  center-point,  will  become  fo  wide  that  it 
may  occafion  feveral  errors  in  the  enlarged  map : 
for  if  you  err  from  the  exad  center  but  a  little, 
that  error  will  become  double,  or  treble,  or  qua- 
druple, 
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druple,  as  you  enlarge  to  a  fcale  that  is  double,  or 
treble,  or  quadruple,  of  the  given  one ;  therefore 
great  accuracy  is  required  in  enlarging  a  map. 

When  you  have  done  with  a  ftation,  give  a  dalh 
with  a  pen  or  pencil  to  it,  fuch  as  at  the  ftation  a 
and  b  ;  by  this  means  you  cannot  be  difappointed  in 
miffing  a  ftation,  or  in  laying  your  ruler  over  one 
ftation  twice. 

From  what  has  been  faid  it  is  plain,  that  if  a  map 
is  to  be  enlarged  to  one  whofe  fcale  is  double  the 
given  one,  that  the  diftances  from  the  refpeftive 
ilations  to  the  center,  being  fet  over  by  the  ruler's 
edge,  will  give  the  points  for  the  enlarged  one. 
And  thus  may  a  map  be  enlarged  from  a  fcale  of 
160  to  one  of  80,  from  one  of  80  to  one  of  40, 
from  one  of  20  to  one  of  10  perches  to  an  inch,  &c. 
For  to  enlarge  to  a  fcale  that  is  double,  the  number 
of  perches  to  an  inch  for  the  enlarged  map,  muft 
be  half  of  thofe  to  an  inch  for  that  to  be  enlarged : 
to  enlarge  to  a  fcale  that  is  treble  the  given  one, 
the  number  of  perches  to  an  inch  for  the  enlarged 
map,  win  be  one  third  of  thofe  for  the  other  ;  if  to 
a  fcale  that  is  quadruple  the  given  one,  the  num- 
ber of  perches  to  an  inch  for  the  enlarged  map, 
will  be  one  fourth  of  thofe  for  the  other,  &c.  there- 
fore if  you  would  enlarge  a  map  which  is  laid  down 
by  a  fcale  of  120  perches  to  an  inch,  to  one  of  40 
perches  to  an  inch,  the  diftance  from  the  feveral 
ftations  to  the  center,  being  fet  twice  beyond  the 
faid  ftations,  will  mark  out  the  feveral  points  re- 
quired, for  thefe  points  will  be  three  times  fur- 
ther from  the  center  than  the  ftationary  points  of 
the  map  are. 

In  the  fame  manner,  if  you  would  enlarge  a 
map  from  a  fcale  of  160,  to  one  of  40  perches 
to  an  inch,  the  diftance  from,  the  feveral  ftations 

-  tQ 
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to  the  center,  being  fet  three  times  beyond  faid 
ftations,  will  lay  out  the  points  for  your  enlarged 
map,  for  thefe  points  will  be  four  times  further 
from  the  center  than  are  the  ftations  of  the  map. 

When  a  map  is  enlarged  to  another,  whofe  fcale 
is  double,  or  treble,  or  quadruple,  &c.  of  the  given 
one,  every  line,  as  well  as  the  length  and  breadth 
of  the  enlarged  map,  will  be  double,  or  treble,  or 
quadruple,  &c.  thofe  of  the  given  one,  for  it  muft 
be  eafy  to  conceive  that  thofe  maps  are  like :  but 
the  area,  if  the  fcale  be  double,  will  be  four 
times ;  if  treble,  nine  times ;  if  quadruple,  fix- 
teen  times  that  of  the  given  figure ;  that  is,  it 
will  contain  four,  nine,  or  fixteen  times  as  many 
fquare  inches  as  the  given  one  (for  it  has  been 
Ihewn  that  like  polygons  are  in  a  duplicate  pro- 
portion with  the  homologous  fides.)  Yet  thefe 
figures  being  caft  up  by  their  refpeftive  fcales, 
will  produce  the  fame  content. 

Thus  much  is  fufficient  for  enlarging  maps,  and 
from  hence,  diminiihing  of  them  will  be  obvious ; 
for  one  fourth,  one  third,  or  half  the  diftances 
from  the  feveral  ftations  to  the  center,  will  mark 
out  points,  which,  if  joined,  will  compofe  a  map 
fimilar  to  the  given  one,  whofe  fcale  will  be  four 
times,  three  times,  or  twice  as  fmall  as  the  given 
one. 

Thus,  if  we  would  reduce  a  map  from  40  to  80, 
from  20  to  40,  from  10  to  20  perches  to  an  inch, 
&c.  half  the  diftance  of  the  ftations  from  the 
center  will  give  the  points  requifite  for  drawing  the 
map;  if  we  would  reduce  from  40  to  120,  from 
20  to  60,  from  10  to  30  perches  to  an  inch,  &c. 
one  third  of  the  diftances  to  the  center,  will  give 
the  points  for  the  map :  and  if  we  would  reduce 

from 
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from  40  to  160,  from  20  to  80,  from  10  to  46 
perches  to  an  inch,  &c.  one  fourth  of  the  dif- 
tances  to  the  center,  will  give  the  points  for  the 
map. 

By  the  methods  here  laid  down  I  have  reduced  a 
map  from  a  fcale  of  40  to  one  of  20  perches  to 
an  inch,  which  contained  upwards  of  1200  acres, 
and  confifted  of  224  feparate  divifions,  without 
the  leaft  confufion  from  the  lines  ;  for  none  can 
arife  if  the  methods  here  laid  down  be  ftridly  ob- 
ferved. 

I  have  alfo  from  the  fame  methods  reduced  a 
large  book  of  maps,  each  of  which  was  an  en- 
tire Ikin  of  parchment,  and  the  whole  contained 
upwards  of  46000  acres,  to  a  pocket  volume ; 
and  afterwards  connefted  all  thefe  maps  into  one 
map,  which  was  contained  in  one  Ikin  of  parch- 
ment :  therefore  upon  the  whole  I  do  recommend 
thefe  methods  for  reducing  maps  to  be  much  more 
accurate  than  any  of  the  methods  commonly  ufed, 
fuch  as  fquaring  of  paper,  ufmg  a  parallelogram, 
proportional  compaffes,  or  any  other  method  I  ever 
met  with,  though  the  figures  to  be  reduced  were 
ever  fo  numerous,  irregular,  or  complicated. 

Hoiv  to  unite  feparate  '^naps  of  lands  ijuhich 
join  each  other ^  into  one  map  of  any  afjtgned 
fize. 

If  there  be  feveral  large  maps  contained  in  a 
book,  each  of  which  fuppofe  to  take  up  a  fkin 
of  parchment,  or  a  Iheet  of  the  largeil  paper ; 
which  maps  of  lands  join  each  other ;  and  it  be 
required  to  reduce  them  to  fo  fmall  a  fcale,  that 
all  of  them  when  joined  together  may  be  contained 

in 


To  enlarge  or  diminljh  Maps.  241 

in   one  ikin,  half  a    fkin,    or   any  affigned  fized 
piece  of  parchment,  or  paper. 

Having  pricked  off  and  copied  the  feveral  maps 
on  any  kind  of  paper,  unite  them  by  cutting  with 
fciffars  along  the  edge  of  one  boundary  which  is 
adjoining  the  other,  but  not  cutting  by  the  edge 
of  both,  and  throw  afide  the  parts  cut  off;  then 
lay  thefe  together  on  a  large  table,  or  on  the 
floor,  and  where  the  boundaries  agree,  they  will  fit 
in  with  each  other  as  indentures  do ;  and  after  this 
manner  they  are  eafily  connected :  meafure  ,then 
the  length  and  breadth  of  the  entire  connected 
maps,  and  the  length  and  breadth  of  the  parch- 
ment or  paper  you  are  confmed  to  ;  if  the  former 
be  three,  four,  or  five  times  greater  (that  is,  longer 
and  broader)  than  the  latter,  reduce  each  copied 
map  feverally  to  a  fcale  that  is  three,  or  four,  or 
five  times  lefs,  as  before ;  and  the  fanie  parts  of 
the  boundaries  you  cut  by  in  the  large  maps,  by 
the  fame  you  mud  alfo  cut  in  fmall  ones,  and 
unite  the  fmall  as  the  large  ones  were  united ;  ce- 
menting them  together  with  vv-hite  wafer  :  thus  will 
your  map  be  reduced  to  the  aiTigned  fize,  which 
copy  over  fair,  on  the  parchment,  or  paper  you 
were  confined  to. 

But  it  is  not  always  that  a  perfon  is  confined  to 
a  given  area  of  parchment,  or  paper ;  in  fuch 
cafes,  if  there  are  many  large  maps  to  be  united 
into  one,  reduce  each  of  them  feverally  to  a  fcale 
of  160  perches  to  an  inch,  and  unite  thofe  by  the 
contiguity  or  boundaries,  as  before  :  or  if  you  have 
a  few,  it  will  be  fufiicient  to  reduce  them  to  a  fcale 
of  120,  ^c.  But  haying  the  maps  given,  and 
the  fcale  by  which  they  are  laid  down,  your  rea- 
fon  will  be  fufficient  to  direft  you  to  know,  what 
fcale  they  fhould  be  reduced  to. 

I  i  The 
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Variation  of  the  Compass; 


And  how  to  find  it  by  Amplitudes  or  Azimuths  cf 
the  Sun. 

I.  T  T  was  before  obferved,  that  the  needle  does 
J_  not  point  truly  to  the  north  or  fouth  points 
of  the  horizon :  the  number  of  degrees  therefore, 
that  the  points  of  the  needle  are  from  the  north 
or  fouth  points  of  the  horizon,  is  called  the  varia- 
tion of  the  needle,  or  compafs. 

This  variation  differs  widely  in  many  places ;  for 
in  fome,  the  needle  will  point  feveral  degrees  on 
the  weft  fide  of  the  north ;  at  others  there  will  be 
little  or  no  variation,  and  again,  at  others  it  will 
point  feveral  degrees  on  the  eaft  fide ;  in  the  fame 
place  it  differs  fenfibly  in  a  few  years :  the  true 
caufe  or  theory  of  which,  has  not  hitherto  been  dif- 
covered  or  explained  for  vv^ant  of  a  fufHcient  num- 
ber of  obfervations. 

1.  The  globe  of  the  earth  revolves  round  its  axis 
in  twenty  four  hours  from  weft  to  eaft,  and  hence 
a.11  celeftial  bodies  feem  to  move  from  eaft  to  weft. 

3.  The  extremities  of  the  axis  are  called  the 
poles ;  the  one  the  north  or  ardic^  and  the  other 
the  fouth  or  antarctic.  And  if  the  axis  be  pro- 
duced to  the  heavens,  it  v/ill  point  out  the  celejlial 

holes, 
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4.  If  a  circle  be  fuppofed  to  pafs  round  the 
glolDe  of  the  earth,  fo  as  to  be  equidiftant  from 
each  pole,  it  is  called  the  equator^  or  eqiiinodial 
line,  and  by  fome  the  line  only. 

And  if  the  plane  of  the  equator  be  produced  to 
the  heavens,  it  will  lay  out  the  celeftial  equator. 

5.  The  latitude  of  any  place,  is  its  neareft  dif- 
tance  to,  and  counted  from  the  equator  in  degrees 
and  minutes ;  and  is  north  or  fouth  as  it  lies  on  the 
north  or  fouth  fide  of  the  equator. 

6.  The  poles  are  90  degrees  from  the  equator ; 
therefore  the  complement  of  the  latitude  of  any  place, 
is  the  latitude  taken  from  90  degrees,  or  the  dif- 
tance  of  the  place  from  its  neareft  pole. 

7.  The  declination  of  the  fun,  is  the  neareft  dif- 
tance  thereof  from  the  celeftial  equator  counted  in 
degrees  and  minutes ;  and  is  north  or  fouth,  as  it 
lies  on  the  north  or  fouth  fide  of  the  equator. . 

8.  The  fun*s  declination  taken  from  90,  leaves 
the  complement  thereof  j  or  its  diftance  from  the 
neareft  celeftial  pole, 

9.  The  fun* s  altitude,  is  the  number  of  degrees 
and  niinutes  the  fun  is  above  the  horizon,  and  is 
eafily   found  by  a  quadrant,  as  before. 

10.  What  the  fun's  altitude  wants  of  90,  or 
the  fun's  diftance  from  the  zenith  or  point  of  the 
heavens  perpendicularly  over  you,  is  the  complement 
of  the  altiitid?^ 

u.  The 
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1 1 .  TJoe  jnagnetical  amplitude,  is  the  complement 
of  the  fun's  bearing  at  rifmg  or  fetting,  taken  by 
the  quarter'd  compafs ;  or  it  is  the  number  of  de- 
grees the  fun  is  from  the  eafl  or  well  point  of  the 
compafs,  at  rifmg  or  fetting. 

12.  The  true  a77ip}itude,  is  the  complement  of  de- 
grees the  fun  would  rife  or  fet  on  if  the  compafs 
did  not  vary  ;  or  it  is  the  number  of  degrees  the 
fun  is  from  the  eafl  or  weft  point  of  the  horizon, 
at  rifmg  or  fetting ;  and  this  true  amplitude  is  al- 
ways north,  if  the  fun's  declination  be  north ;  or 
fouth   if  the  fun's  declination  be  fouth. 


To  find  the  njariation  by  the  amplitudes. 

Having  the  latitude  of  the  place,  and  the  fun's 
declination  given,  the  true  amplitude  is  found  by 
this  aftronomical  proportion,  viz.. 

As  the  co-fine  or  fine  complem.ent  of  the  latitude. 

Is  to  the  fine  of  the  fun's  declination, 

So  is  radius 

To  the  fine  of  the  true  amplitude. 

Then  if  both  amplitude?  be  north,  or  both 
fouth,  their  difference  is  the  variation,  but  if  one 
be  north  and  the  other  fouth,  their  fum  is   the 

variation,      • 

To  kmi0  whether  the' variation  he  eaflerly  or  wefierly. 

Let  the  obferver  turn  his  face  to  the  fun,  then 
\l  the  true  amplitude  be  to  the  ri^ht  hand  of  the 

maene- 
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magnetical  one,  the  variation  is  (safterly,  but  if  to 
to  the  left,  wefterly. 

Example     I. 

On  the  2  8th  day  of  May,  1789^  the  fun*3  bear-^ 
ing  at  rifmg,  being  N.  ji"  E.  in  the  latitude  53®. 
20  N.  required  the  true  amplitude,  and  the  vari- 
ation of  the  needle. 


Find  the  fun's  declination,  by  the  annexed  ta- 
ble, and  then  to  find  the  true  amplitude,  fay, ' 

As  the  co-fme  of  the  latitude  36°.  40'  9.77609 

Is  to  the  fme  of  the  declination  21°.  34' N.   9.56536 
So  is  radius  90*  10.00000 


To  the  fme  of  the  true  amplitude       38*^    9-7^9^7 


90° — 71''=  1 9°  the  mag.  amp.  from  the  eaft. 

True  amplitude   E.  38^.00'  N.  for  the  dec!,  is  N. 
Magnetical  ampl.  E.   19.00'N. 


Variation  19  .00  W.  becaufe  the  true 


amplitude  is  to  the  left  of  the  magnetical. 


t 
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Example     II. 

Suppofe  the  fun's  true  amplitude  is  found  to  be 
W.  42*'.oo  S.  and  the  magnetical  amplitude  W.  23. 
00  S.  the  fun's  bearing  at  fetting  being  SW.  67°. 
Required  the  variation. 

^o°— 67°=230  the  magnetical  amplitude  from 
the  weft. 

True  amplitude  W.  42°  00'  S. 

Magnetical  amplitude   W.  23  .00  S. 

Variation  19  .00  W. 


In  this  cafe  alfo  the  true  amplitude  is  to  the  left 
of  the  magnetical  j  and  therefore  the  variation  is 
wefterly. 

Example     III. 

Sun's  bearing  at  rifmg  being  SE.  77°tj  and  the 
true  amplitude  being  found  to  be  E.  10°.  12  N.  re- 
quired the  variation. 

Qo° — 'jy°i;^=^  1 2°Y  the  magnetical  amplitude  from 
the  eaft. 

True  amplitude  E.   10°.  12'  N. 

Magnetical  amplitude    S.    12  .30    S. 

Variation  22  .42  W. 


The  true  amplitude  being  ftill  to  the  left,  the  va- 
riation is  wellerly. 

Exam-. 
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Example     IV. 

Sun's  bearing  at  fetting  is  SW.  81°^,  and  the 
true  amplitude  is  found  to  be  W.  6°.  16'  N.  Re- 
quired the  variation. 

90° — 8i°7=8°^  the  magnetical  amplitude  from 

the  weft. 

True  amplitude  W.  6°.  16'  N. 

Magnetical  amplitude    W.  8  .30   S. 

Variation  14  .46  E. 


The  true  amplitude  being  to  the  right  of  the 
magnetical,  the  variation  is  eafterly. 

2.  To  find  the  variation  by  azimuths. 

13.  The  fun*s  magnetical  azimuth  is  the  bear- 
ing thereof  at  any  time  of  the  day,  taken  by  the 
quartered  compafs  ;  that  is,  counted  from  the  north 
or  fouth  towards  the  eaft  or  weft  points  of  the 
box. 

14.  The  fun's  true  azimuth  is  the  point  of  the 
compafs  it  would  bear  from  you  upon,  if  there 
were  no  variation  ;  or  it  is  the  diftance  intercepted 
between  the  north  or  fouth  points  of  the  horizon, 
and  a  vertical  circle,  or  circle  drawn  from  the  ze- 
nith through  the  fun  to  the  horizon. 

Having  the  latitude  of  the  place,  the  fun's  de- 
clination, and  its  altitude  given,  the  true  azimuth 
is  obtained  by  the  following  altronomical  propor- 
tions. 

I.  As 
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I,  As  the  tangent  of  half  the  complement  of  the 
latitude. 

Is  to  the  tangent  of  half  the  fum  of  the  diftance 
of  the  fun  from  the  pole,  and  complement  of  the 
altitude. 

So  is  the  tangent  of  half  the  difference  between 
the  diftance  of  the  fun  from  the  pole,  and  com- 
plement of  the  altitude, 

To  the  tangent  of  a  fourth  arc. 

Add  this  fburth  arc  and  half  the  complement 
of  the  latitude  together,  their  fum  will  give  a  fifth 
arc  ;  from  which  if  the  complement  of  the  latitude 
be  taken,  the  remainder  will  give  a  fixth  arc. 
Then  fay, 

As  radius 

Is  to  the  tangent  of  the  altitude, 
So  is  the  tangent  of  the  fixth  arc 
.     To  the  co-fine  of  the  fun's  true  azimuth* 

Which  is  counted  from  the  north  or  fouth,  to 
the  eaft  or  weft,  according  to  the  fun's  fituation 
at  the  time  and  place  of  obiervation. 

If  the  latitude  of  the  place,  and  the  fun's  de* 
clination  be  both  north  or  both  fouth,  the  decli- 
nation taken  from  90°,  gives  the  fun's  diftance 
from  the  pole ;  but  if  one  be  north  and  the  other 
fouth,  the  declination  added  to  90°,  will  give  the 
fun's  diftance  from  that  pole  which  is  neareft  the 
obferver. 

If  both  azimuths  are  eaft  or  weft-,  their  difference 
is  the  variation;  but  if  one  be  eaft,  and  the  other 
weft,  their  fum  is  the  variation. 

To 
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To  know  whether  the  variation  be  eojierly  or  wejierly. 

Juft  as  with  the  amplitudes,  let  the  obletVer'S 
face  be  turned  to  the  fun  ;  then  if  the  true  azimuth 
be  to  the  right  hand  of  the  magnetical  one,  the  va- 
riation is  eallerly  j  but  if  to  the  left,  wefterly. 

Example     L 


In  the  latitude  53°.  20'  N.  the  fun*s  declination 
being  I9".  63  N.  I  find  by  obfervation  the  fun's 
altitude  to  be  37°.  30,  and  its  magnetical  azi- 
muth to  be  SE.  51°.     Required  the  variationr 

90° — 53''.2o'=36°.4o,  the  compt.  of  the  latitude 
18.20,  Y  the  compt.  of  the  latitude 
90" — 37°.3o'=52°.3o',  the  compt.  of  the 
altitude. 

90** — 19°* 03'==! 70°.  5 7',  the  fun's  dift.  from  the  pole 
52.30  compt.  of  the  altitude 

123.27  fum 

61.43  ^^^^  ^^^ 

18.27  difference 

9.13  half  difference. 


K  k  As 
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As  the  tang,  of  4-  the  ^  ^o      , 

compt.  of  the  latitude,      5  ^^  •^°-"  9-52031 

Is  to  the  tangent  of  ^  the  ^ 

fum  of  the  diftance  of  the  (  r 

fun  from  the  pole  and  com.>  61.43—10.26^16 
plement  of  the  altitude,       ) 

:  :  tang,  of  f  their  difference     9.13 —  9.21022, 

19.47938 
To  tangent  of  a  fourth  arc.    42.  18 —  9.95907 


Half  the  compt.  of  the  latitude     18 ''.so' 
The  4th  arc  62.  18 


Their  fum  is  the  5th  arc  €0.  38 

Complement  of  the  lat.  fubtraft.   0^6.  40 

Gives  the  6th  arc  23.  ^^ 


As  radius  9o°.oo' — lo.oocco 

Is  to  the  tang,  of  the  alt.  '^^'j.  30 —  9.88498 

:  :  tangent  of  the  6th  arc        23.  58 —  0.64790 

Co-fme  of  the  fun's  true  azim.  70.04 —  9.53288 


True  azimuth  S.  70^04'  E. 

Magnetical  azimuth  S.  51.  00  E. 

Variation  19,  04  W. 

The  true  azimuth  being  to  the  left  of  the  mag- 
netical one,  the  variation  is'  vrefterly. 

Exam- 
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Example     II. 

Suppofe  the  fun's  true  azimuth  N.  83°. 20'  E<, 
but  the  magnetical  one  N.  70°. 30'  E.  Required 
the  variation. 

True  azimuth  N.  83°. 20'  E. 

Magnetical  azimuth        N,  70.  30   E. 

Variation  12.  50   E, 


The  true   azimuth    being   to  the   right  of  the 
magnetical  one,  ^the  variation  is  eafterly. 


Example     III. 

Suppofe  the  fun's  true  azimuth  was  S.  37% 
15'  W.  and  the  magnetical  one  S.  44°,  20'  W, 
Required  the  variation. 

True  azimuth  S.  37°.  15'  W. 

Magnetical  azimuth         S.  44.  20   W. 

Variationi  6.  05    W. 

The  true  azimuth  being  to  the  left  of  the  mag^ 
petical  one,  the  variation  is  wefterly. 

Example     IV, 

Suppofe  the  fun's  true  azimuth  be  S.  4°.o5'  W, 
and  the  magnetical  one  S.  3°.3o'  E,  Required  the 
variation. 

True 
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True  azimuth  S.  4°.o5'  W. 

Magnetical  azimuth  S.  3.  30   E. 

Variation  7-35   E. 


The  true  azimuth  being  to  the  right  of  the 
magnetical,  the  variation  is  eafierly. 

The  variation  of  the  compafs  was  firft  obferved 
at  London,  in  the  year  1580,  to  be  one  point  of 
the  compafs  eafterly,  or  11".  15  E.  after  which 
time  it  became  lefs  ;  for  in  the  year  1622  it  was 
6°.©o  E.  in  1634  it  was  4*'.o5  E.  and  fo  continued 
to  decreafe  till  the  needle  coincided  with  the  true 
meridian,  and  then  there  was  no  variation ;  after 
which  the  variation  became  wefterly,  and  has  ever 
fmce  increafed  to  the  weftward :  for  in  the  year 
1672  it  was  2°. 33'  W.  in  the  year  1683  it  was 
4°.3o  W.  at  London;  in  1722  it  was  at  Dublin 
found  to  be  ii°.i5'  W.  and  in  1751  it  was  there 
found  to  be  190.00'  W.  but  how  far  it  will  con- 
tinue to  move  more  wefterly,  time  and  obfervati- 
ons  will  probably  be  the  only  means  to  difcover. 

At  Paris  in  1640,  the  variation  was  3°.  00'  E. 
in  1666  there  was  no  variation;  but  in  1681  it  was 
2^.30  W.  and  full  continues  to  go  on  wefterly. 

Hoiu  to  draw  a  true  meridian  line  to  a  map,  having 
the  variation  and  magnetical  7neridian  given. 

On  any  magnetical  meridian  or  parallel,  upon 
which  your  map  is  protrafted,  fet  off  an  angle  from 
the  north  towards  the  eaft,  equal  to  the  degrees 
or  quantity  of  variation,  if  it  be  wefterly,  cr  from 

the 


The  Variation  of  the  Compafs.  253 

the  north  towards  the  weft  if  it  be  eafterly,  and 
the  line  which  conftitutes  fuch  an  angle  with  the 
magnetical  meridian,  will  be  a  true  meridian  line. 

For  if  the  variation  be  wefterly,  the  magnetical 
jneridian  will  be  the  quantity  of  variation  of  the 
■weft  fide  of  the  true  meridian,  but  if  eafterly  on 
the  eaft  fide,  therefore  the  true  meridian  mull  be 
a  like  quantity  on  the  eaft  fide  of  the  magnetical 
one,  when  the  vaiiation  is  wefterly,  and  on  the 
weft  fide  when  it  is  eafterly. 


Hgw   to  lay   out   a   true  meridian  line   by  the  cir- 
ciimferentor. 

If  the  variation  be  wefterly,  turn  the  box  about 
till  the  north  of  the  needle  points  as  many  de- 
grees from  the  flower-de-luce  towards  the  eaft  of 
the  box,  or  till  the  fouth  of  the  needle  points 
the  like  number  of  degrees  from  the  fouth  to- 
wards the  weft,  as  are  the  number  of  degrees 
contained  in  the  variation,  and  the  index  will  be 
then  due  north  and  fouth  j  therefore  if  a  line  be 
ftruck  out  in  the  direclion  thereof,  it  will  be  a  true 
meridian  line. 

If  the  variation  was  eafterly,  let  the  north  of 
the  needle  point  as  many  degrees  from  the  flower- 
de-luce  towards  the  weft  of  the  box,  or  let  the 
fouth  of  the  needle  point  as  m.any  degrees  towards 
the  eaft,  as  are  the  number  of  degrees  contained 
in  the  variation,  and  then  the  north  and  fouth  of 
the  box  will  coincide  v/ith  the  north  and  fouth 
points  of  the  horizon,  and  confequently  a  line 
being  laid  out  by  the  diredion  of  the  index,  will 
|)e  a  true  meridian  line. 

mis 
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This  will  be  found  to  be  very  ufeful  in  fetting  an 
horizontal  dial,  for  if  you  lay  the  edge  of  the  in- 
dex by  the  bafe  of  the  ftile  of  the  dial,  and  keep 
the  angular  point  of  the  ftile  towards  the  fouth  of 
the  box,  and  allow  the  variation  as  before,  the 
dial  will  then  be  due  north  and  fouth,  and  in  its 
proper  fituation ;  provided  the  plane  upon  which 
it  is  fixed  be  duly  horizontal,  and  the  fun  be 
fouth  at  noon ;  but  in  places  where  it  is  north 
at  noon,  the  angular  point  of  the  index  mul]: 
be  turned  to  the  north. 

How  maps   7nay  be   traced  by   the   help   of  a   true 
meridian  line. 

If  all  maps  had  a  true  meridian  line  laid  out 
upon  them,  it  would  be  eafy  by  producing  it,  and 
drawing  parallels,  to  make  out  field-notes ;  and  by 
knowing  the  variation,  and  allowing  it  upon  every 
bearing,  and  having  the  diftances,  you  would  have 
notes  fufficient  for  a  trace.  But  a  true  meridian 
line  is  feldom  to  be  met  with,  therefore  v/e  are 
obliged  to  have  recourfe  to  the  foregoing  method. 
It  is  therefore  advifed  to  lay  out  a  true  meridian 
line  upon  every  map. 

How  to  find  the  difference  between  the  prefent  variati- 
on^  and  that  at  a  ti?ne  when  a  trad  was  formerly 
furveycd,  in  order  to  trace  or  run  out  the  fame  lines. 

If  the  old  variation  be  fpecified  in  the  map  or 
writings,  and  the  prefent  be  known,  by  calcula- 
tion or  otherwife,  then  the  difference  is  immedi- 
ately feen  by  infpedion ;  but  as  it  more  frequently 
happens,  that  neither  is  certainly  known,  and  as 
the  variation  of  different  inftruments  is  not  always 
^like  at  the  fame  time,  the  following  pradical  me^ 
thod  may  be  very  ufeful,  ^izs 

Go 
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Go  to  any  part  of  the  premifes  where  any  two 
adjacent  corners  are  known ;  and,  if  one  can  be 
feen  from  the  other,  take  their  bearing;  which, 
compared  with  that  of  the  fame  line  in  the  former 
furvey,  fhews  the  difference.  But  if  trees,  hills, 
^^.  obftrud:  the  view  of  the  objed,  run  the  line 
according  to  the  given  bearing,  and  obferve  the 
nearefl  diftance  between  the  line  fo  run  and  the 
corner ;  then. 

As  the  length  of  the  whole  line 

Is  to  57  degrees  * 

So  is  the  faid  diftance 

To  the  difference  of  variation  required. 

Example. 

Suppofe  it  be  required  to  run  a  line  which  fome 
years  ago  bore  NE.  45°,  diftance  80  perches, 
and  in  running  this  line  by  the  given  bearing,  the 
corner  is  found  20  links  to  the  left  hand;  what 
allowance  muft  be  made  on  each  bearing  to  trace 
the  lines  truly  ? 

p.  L. 

As  80     :     ^']°  :  :  20 
25  20 


2J000        1 140 
60 


)68|4oo 


Anfwer  34  minutes,    or  a   little   bettter 
than  half  a  degree  to  the  left  hand. 

Note^  The  different  variations  do  not  affed  the 
area  in  the  calculation,  as  they  are  fimilar  in  eve- 
ry part  of  the  furvey. 

^   TA- 

*  57  is  the  radius  of  a  circle  (nearly)  in  fuch  parts  as  the 
circumference  contains  360. 


(     ^5^    ) 


A  TABLE  of  the  Suns  Declination, 


I'or  i;hc 

Years  1789,  1793,  1797.   | 

Jan. 

Feb 

March 

April. 

May. 

June. 

0 
1 

South. 

SeUth, 

South 

North, 

North. 

North 

D.  M 

D. 

M. 

D.  M. 

D.  M. 

D.  M. 

D.  M 

4 

22  40 

16 

I 

6  II 

5  56 

16   S 

22  31 

4 

8 

22  10 

H 

47 

4  3^ 

7  26 

17  15 

22  ss 

8 

12 

21  33 

13 

28 

3   4 

8  54 

18  17 

23  12 

12 

i6 

20  49 

12 

6 

I  29 

10  20 

19  14 

23  24 

16 

20 

19  59 

10 

41 

Nor.  6 

II  44 

20   6 

23  28 

20 

24 

19   3 

9 

13 

I  40 

13   4 

20  53*23  26 

24 

28 

18   I 

7 

43 

3  H 

14  20 

21   34I23   17 

28 

For  the 

Years  1790,  1794,  1798. 

422  42 

16 

5 

6  17 

5  50 

16   4 

22  29 

4 

8.22  12 

H 

51 

4  43 

7  21 

17  II 

22  54 

8 

12I21  35 

13 

33 

3  10 

8  49 

18   13 

23  II 

12 

1620  52 

12 

II 

1  35 

10  15 

19  II 

23  23 

16 

20 

20   2 

10 

46 

Nor.  0 

I J  39 

20   3 

23  28 

20 

24 

19   7 

9 

18 

I  34 

12  59 

20  ^0 

23  26 

24 

28 

18   5 

7 

48 

3   « 

14  16 

21   32 

23  18 

28 

For  the 

Ye 

ars  1791,  1795,  1799. 

4 

22  43 

i6 

10 

6  22 

5  45 

16   0 

22  28 

4 

8 

22  14 

14 

56 

4  49 

7  15 

17   7 

22  52 

8 

12 

21  38 

^3 

3^^ 

3  15 

8  44 

18  10 

23  II 

12 

16 

20  55 

12 

16 

I  41 

10  10 

19   8 

23  23 

16 

20 

20   5 

10 

51 

0   6 

i^  34 

20   I 

23  28 

20 

24 

19  10 

9 

24 

1N.29 

12  54 

20  48 

23  26 

24 

28 

18   9 

7 

54 

3   3 

14  II 

21  29 

23  19 

28 

For  the 

Years  1792,  1796,  1800.    | 

4 

22   45 

16 

15 

6   5 

6   2 

16  13 

22  33 

A 

8 

22   16 

15 

I 

4  31 

7  32 

17   2G 

22  ^6 

8' 

12 

21   4c 

13 

43 

2  57 

9   0 

18   21 

23  H 

12 

16 

20   58 

12 

21 

I  23 

10  26 

19   18 

23  24 

16 

20 

20    9 

ro 

'?6 

Nor.  12 

II  49 

20   18 

23  2820 

24 

19   14 

9 

29 

I  47 

13   9 

20   6 

23  2624 

i% 

18   13 

7 

59 

3  20 

14  26 

21  37 

23  1628 
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Each  the  firfl  Year  after  Leap-Year. 

U 

July. 

Auguft 

Sept. 

Od. 

Nov. 

Dec. 

North. 

North. 

North. 

South. 

South. 

So 

uth. 

<^ 

D. 

M 

D.    M. 

D.    M 

D. 

M 

D.    M 

D. 

M. 

4 

23 

?2 

17       8 

7       c 

4 

35 

15     3^ 

22 

21 

4 

8 

22 

27 

16       I 

5     3c 

6 

7 

16     47 

22 

49 

8 

12 

21 

?6 

14     5c 

3     5^ 

7 

38 

17     54 

23 

9' 

2 

i6 

21 

19 

^3     36 

2     26 

9 

7 

18     S5 

23 

22  I 

t> 

20 

20 

36 

12     18 

0     53 

10 

3419    52 

23 

282 

0  . 

24 

19 

47 

10     56ik>ou.  41 

1 1 

5920     42 

23 

262 

4 

28 

18 

54 

9     32    2     15 

13 

21 21     27 

23 

162 

8 

Each  the  fecond  Year 

after  Leap-Year. 

4 

22 

J  3 

17        12 

7       5 

4 

29 

15     31 

22 

19 

4 

b 

22 

28 

16          5 

5     35 

6 

I 

16     43 

22 

47 

8 

12 

21 

5^^ 

H    55 

4      4 

7 

32 

17     50 

23 

8  I 

2 

16 

21 

21 

13     40 

2     32 

9 

2 

18     52 

23 

22  I 

6 

20 

20 

39 

12     22 

0    58 

10 

29 

19     49 

23 

282 

c 

24 

19 

50 

II       I 

Sou.  35 

II 

54 

20    4c 

23 

26  2 

4 

28 

18 

57 

9     37 

2       9 

13 

1621     25 

23 

172 

8 

Each  the  third  Year  after  Leap-Ye 

ar. 

4 

22 

54 

17     16 

7     10 

4 

23 

15     26 

22 

18  . 

f 

8 

22 

30 

16      9 

5    41 

5 

56 

16     38 

22 

46 

8 

12 

22 

0 

14    59 

4     10 

7 

27 

17     46 

23 

7  I 

2 

16 

21 

23 

13     45 

2     37 

8 

57 

18     48 

23 

21  I 

5 

20 

20 

41 

12     27 

I        4 

10 

24 

19    45 

23 

28  2( 

; 

24 

19 

53 

II       6 

Sou.  30 

II 

49 

20     37 

23 

27  2. 

. 

28 

19 

I 

9     43 

2       4 

13 

1 1 

21     22 

23 

Ib2j 

j 

Each  being-  Leap-Year. 

4 

22 

50 

17       3 

6     54 

4 

41  15     4022 

24      xj 

8 

22 

25 

15     56 

5     24 

6 

13  16     52 : 

12 

5^  >^ 

12 

21 

53 

14    45 

3     52 

7 

4417     582 

^3 

II  12 

16 

21 

16 

13     3^ 

2     20 

9 

1 3  1 9        C  i 

'3 

27,  16 

20 

20 

33 

12     12 

0     46 

10 

4019     56. 

-3 

28  2C 

24 

19 

44 

10     51 

Sou.  47 

■  2 

520     4^;: 

3 

2f  34 

28 

18 

S^ 

9     27 

2     21 

13 

20  2  [       3c 

-3 

l'    2^ 
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Three  very  ufeful  Problems, 


P  R  0  B.    h 


A  Map  with  its  area  being  given,  and  its  fcale 
omitted,  to  be  either  drawn  or  mentioned;  to  find 
the  fcale* 


c 


AST  up  the  map  by  any  fcale  whatfoever, 
and  it  will  be. 


As  the  area  found 

Is  to  the  fquare  of  the  fcale  by  which  you  cafl  up> 

:  :  The  given  area  of  the  map 

To  thefquare  of  the  fcale  by  whichit  waslaid  down. 

The  fquare  root  of  which  will  give  the  fcale. 

Example. 

A  map  whofe  area  is  126 A.  3R.  16P.  being 
given ;  and  its  fcale  omitted  to  be  eicher  drawn  or 
mentioned  j  to  find  the  fcale. 

Suppofe  this  map  was  cafl  up  by  a  fcale  of  20 
perches  to  an  inch,  and  the  content  thereby  pro- 
duced be  31  A.  2R.  34P. 

/  ^ 
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As  the  area  found,  31  A.  2R.  34P.  =5074?. 
Is  to  the  fquare  of  the  fcale  by  which  it  was  call 

up,  that  is,   to  20  X  20  =  400, 
:  :  The  given  area  of  the  map  126 A.  3R.  16P. 

3=20296?. 
Tothefquare  of  thefcale  by  which  it  was  laid  down. 

5074  :  400  :  :  20296  :   1600  the  fquare  of 
the  required  fcale. 


Root, 
1600(40 
16 

8)00 


Anfwer.  The  map  was  laid  down  by  a  fcale  of 
40  perches  to  an  inch. 

P  R  0  B,   n. 

How  to  find  the  true  content  of  a  furvey^  though  it 
be  taken  by  a  chain  that  is  too  long  or  too  Jhort, 

Let  the  map  be  conftruded,  and  its  area  found 
as  if  the  chain  were  of  the  true  length.  And  it  will 
be 

As  the  fquare  of  the  true  chain 

Is  to  the  content  of  the  map, 

:  :  The  fquare  of  the  chain  you  furveyed  by 

'Jo  the  true  content  of  the  map. 

Exam- 


^6o  Three  very  u/eful  Problems, 

Example. 

If  a  furvey  be  taken  with  a  chain  which  Is  3 
inches  too  long;  or  with  one  whofe  length  is 
42  feet  3  inches,  and  the  map  thereof  be  found 
to  contain  920 A.  2R.  20P.  Required  the  true 
content. 

As  the  fquare  of  42F.  oin.  =the  fquare  of  504 

inches  =*=  254016 
Is  to  the  content  of  the  map  920A.   i  R.  20P. 

=  147260?. 
:  :^  The  fquare  of  42F.  3  In. = the  fquare  of  507 

inches  =  257049 
To  the  true  content. 

P-  P. 

254016  :  147260  :  :  257049  ;  149019 

A.         R,         P. 

160)149019(931  .  I  .  19  anfwer. 
501 

219 
40)59(1  R. 
I9R 
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Necejfary  Dire^lons.  ^6i 

P  R  0  B.     III. 

How  to  divide  land,  or  to  take  off  any  given  part  from 
a  7nap. 

Plate  XII.  fig.   I. 

Let  ABCD,  £ff^.  be  a  map  of  ground,  con- 
taining 1 1  acres,  it  is  required  to  cut  off  a  piece 
as  DEFGID,  that  Ihall  contain  5  acres. 

Join  any  two  oppofite  ftations  as  D  and  G, 
with  the  line  DG  (which  you  may  nearly  judge 
to  be  the  partition  line)  and  find  the  area  of  the 
part  DEFG,  which  fuppofe  may  want  3R.  20P. 
of  the  quantity  you  would  cut  off:  meafure  the 
line  DG,  which  fuppofe  to  be  70  perches.  Di- 
vide 3R.  20P.  or  140P.  by  ^^^,  the  ^  of  DG, 
and  the  quotient  4  will  be  a  perpendicular  for 
a  triangle  whofe  bafe  is  70,  and  the  area  140 P. 
Let  HI  be  drawn  parallel  to  DG,  at  the  diftance 
of  the  perpendicular  4,  and  from  I,  where  it  cuts 
the  boundary,  draw  a  line  to  D,  and  that  line  DI 
will  be  the  divifion  line ;  or  a  line  from  G  to  H 
will  have  the  fame  effect ;  all  which  muft  be  evident 
|rom  what  has  been  already  faid. 


Exam- 


5^2  Necejfary  Direftiom, 

Example    II. 
Plate  XII.  fig.  3. 

Let  A  B  C  p  E  F  G  H  I  be  a  traft  of  land, 
to  be  divided  into  two  equal  parts,  by  a  right- 
line  from  I,  to  the  oppofite  boundary  C  D,  fo 
as  to  find  the  bearing  and  diftance  of  the  parti, 
tion  line  from  the  field-notes,  viz. 


Bearing. 

Perch. 

AB 

N.E.  19° 

108. 

BC 

S.E.  77 

91. 

CD 

S.E.  27 

115. 

DE 

S.W.  52 

58. 

EF 

S.E.  15- 

76. 

FG 

Weft. 

70-9 

GH 

N.W.36 

47. 

HI 

North. 

64-3 

lA 

N.W  62^ 

59- 

Area. 

A.     R.       P. 
152,    r.  25.89 

Find  the  content  of  the  part  I  A  B  C  I,  thus : 


Bearing. 

Perch. 

N. 

S. 

E. 

W. 

lA 

N.W.  62^  15^ 

^9- 

27-5 

52.2 

AB 

N.E.    19.     0 

108. 

102.1 

35  •? 

BC 

SE.   77.    0 

91 

20.5 

88.7 

-71.7 

CI 

Area. 

S.W.  33.  iS 

130.6 

129.6 

1 09. 1 

^.     R.     P. 
54-   2-  2  J 

129.6 

123.9 

123.9 

Set 


"Necejfary  Dirediom,  26^ 

Set  the  latitude  and  departure  of  the  three  firft 
ftations  (I A,  AB,  BC)  in  their  proper  columns, 
and  place  as  much  fouthing  (icq.i^CK)  and 
wefting  (7i.7  =  KI)  to  the  fourth  (CI)  as  will  ba- 
lance the  columns.  Then  in  the  triangle  CKI, 
is  given  CK  (109.1)  and  KI  (71.7)  to  find  the 
bearing  and  diftance  of  CI  (S.W.  330.  18',  130.6) 
as  above;  whence  the  area,  by  the  foregoing 
methods,  is  8722.32  perches,  which  is  lefs  than  half 
the  given  quantity,  by  3470.62 ;  and  this  dif- 
ference divided  by  half  CI  (65.3)  quotes  the  per- 
pendicular PN  (53.15)  as  in  the  firft  example. 

Now,  by  the  bearings  of  CI  and  CD,  it  ap- 
pears, that  they  form  an  angle  of  60°.  1 8' ;  where- 
fore, in  the  triangle  CPN,  is  given  PN  (53.15) 
and  the  angle  C  (60°.  18)  to  find  the  hypothe- 
nufe  CN  (61.2  nearly;)  then,  the  correfponding 
diif.  lat.  MN  (54.5,  taken  from  the  traverfe-ta- 
ble)  dedufted  from  CK  (109.1)  leaves  NL  (54.6) 
and  the  departure  CM  (27.8)  added  to  IK,  gives 
IL  (99.5:)  fo  that,  in  the  triangle  LN I,  we  have 
the  diif.  lat.  LN  (54.6)  and  departure  LI  (99.5) 
to  find  the  bearing  and  diftance  of  IN  (S.W.  or 
N.E.  61°.  15',  1 1 3.5  perches)  for  the  true  line  of 
divifion.     (^  E.  F. 

Note,  If  the  perpendicular  fall  outfide,  as  OR 
in  the  fubdivifion  of  the  fouthern  part,  the  cal- 
culation is  ftill  the  fame :  for  the  triangle  REO,  is 
wrought  like  NPC,  and  RSI,  as  ILN ;  confequeut- 
ly  the  method  is  general. 

Some  necejfary  diredions  concerning  furveys  in  gene- 
ral. 

If  you  have  a  large  quantity  of  ground  to 
furvey,  which  confifts  of  many  fields  or  holdings, 

and 


264  '       Necejfary  DireB tons', 

and  that  It  be  required  to  map  and  give  the  re-= 
fpeftive  contents  of  the  fame,  it  is  beft  to  make 
a  furvey  of  the  whole  firft,  and  to  be  fatlsfied 
that  it  is  truly  taken,  as  well  as  to  find  its  content ; 
and  as  you  go  round  the  land,  to  make  a  note 
on  the  fide  of  your  field-book  at  every  flation 
where  the  boundary  of  any  particular  field  or 
holding  interfects  or  meets  the  furround ;  then 
proceed  from  any  one  of  thofe  ftations,  and  in 
your  field-book  fay,  "  proceed  from  fuch  a  fiiation," 
and  when  you  have  gone  round  that  field  or  di- 
vifion,  infert  the  flation  you  clofe  at,  and  fo 
through  the  whole :  a  little  practice  can  only 
render  this  fufficiently  familiar,  and  the  method  of 
protradion  muft  be  evident  from  the  field-notes. 
When  the  whole  is  protradled,  and  you  are  iatisfied 
of  the  clofes  of  the  particular  divifions,  cafl  up  each 
feverally,  and  if  the  fum  of  their  contents  be  equal 
to  the  content  of  the  whole  firft  found,  you  may 
fafely  conclude  that  ail  is  right. 

The  protraftion  being  thus  finifhed  and  call:  up^ 
transfer  it  on  clean  paper,  vellum,  or  parchment, 
as  before  ;  be  careful  to  draw  your  lines  with  a 
fine  pen,  write  on  it  the  names  of  the  circumjacent 
lands,  and  fet  No.  i,  2,  3,  4,  Is'c.  in  every  parti- 
cular field  or  divifion ;  let  every  tenant's  particular 
holding  be  dillinguiihed  by  a  different  coloured 
paint  being  run  finely  along  the  boundaries ;  let 
all  the  roads,  rivulets,  rivers,  bridges,  bogs, 
ponds,  houfes,  caflles,  churches,  beacons  (or 
whatever  elfe  may  be  remarkable  on  the  ground) 
be  diflinguifhed  on  the  map.  Write  the  title  of 
the  map  in  a  neat  compartment  either  drawn, 
or  done  from  a  good  copper-plate  graving,  with 
the  gentleman's  arms.  Prick  off  one  of  your 
parallels    with    the    map,    and    on     it    make    a 

mariner's 
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manner's  compafs,  and  draw  a  flower-de-luce  to 
the  north,  and  this  will  reprefent  the  magnetical 
north  ;  after  which  fet  off  the  variation,  which  ex- 
prefs  in  figures,  and  through  the  center  of  the 
compafs,  let  a  true  meridian  line  be  drawn  of 
about  3  inches  long,  by  which  write  True  Meri- 
dian. Let  a  fcale  be  drawn,  or  it  is  fufficient  to 
exprefs  the  number  of  perches  to  an  inch,  the 
map  was  laid  down  by.  Draw  a  reference  table 
of  three,  or,  if  occafiQn  be,  of  four  or  more 
columns :  in  the  firft  infert  the  number  of  the 
field  or  holding :  in  the  next  its  name,  and  by 
whom  occupied:  in  the  third  the  quantity  of 
acres,  roods,  and  perches  it  contains :  if  you  have 
unprofitable  land,  as  bog  or  mountain,  let  the 
quantity  be  inferted  in  the  fourth  column ;  and^ 
if  it  be  required,  you  may  make  another  column 
for  ftatute  meafure,  and  then  the  map  is  com-* 
pleted. 


FIELD. 

M  m 


(   ^^^   ) 

FIELD-NOTES,  from  A.  Burns* 


St. 

Bearing. 

4P.C. 

',1.60 

'3-44 
18.96 

^3-44 

I 

2 

N.E.  56° 

N.E.   26- 

3 

S.E.    71-; 

4 

S.E.    26^ 

5 

S.W.  71: 

18.96 
8.47 

6 

7 
8 

S.E.    45 

S.E.    63i 

13-44 

N.E.  45 

8.47 

9 

lO 

S.E.    26^ 

13-44 

S.W.  45 

8.47 

II 

S.W.  63-1 

13-44 

12 

N.W.  76    24.73 

13 

N.W.  364i3o.oo 

A.         R.  ,  P. 

Area  167.   i.  24. 

A  TA, 
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u^  T  A  B  L  E  of  Difference  of  Latitude 
and  Half  Departure ^  or  of  Northings  Souths 
ingy  Half  Eafiingy  and  Half  Wefting^  to 
enjery  garter  Degree  of  the  Compafs ;  the 
Diflance  betng  fuppojed  to  he  One  Four-Pole 
Chain, 


Deg.  Qrs. 

N.  S. 

lE.  W. 

Deg.  Qrs. 

N.  S.  1 E.  W. 

0. 

I 
2 
3 

1. 0000 

1. 0000 

I. 0000 

•9999 

1 
.0000 

.0022 

.0044 

.0065 

6.    0 
I 

2 

3 

.9945I  .0522 
•99401  .0544 
.99361  .0566 
.9931  .0587 

I.   0 
I 
2 
3 

.9998 

•9997 
.9996 

•9995 

.C087 
.0109 
.0131 
•0153 

7.   0 
I 
2 
3 

.9925'  .0609 
.9920,  .0631 
.9914  .0652 
.9909  .0674 

2.   0 

I 
2 
3 

•9994 
.9992 
.9990 
.9988 

.0175 
.0196 
.0218 
.0240 

8.   0 

I 
2 
3 

.9903  .0696 
.98961  .0717 
.9890,  .0739 
.9883!  .0760 

3.   0 
I 
2 

3 

.9986 
.9984 
.9981 
•9978 

.0262 

.0283 
.0305 
.0327 

9.   0 

I 
2 
3 

•9877,  -0782 
.9870,  .0804 
.9863!  .0825 
.9855  .0847 

4.   0 
I 
2 
3 

•9975 
.9972 
.9969 
.9966 

•0349 
.0370 
.0392 
.0414 

10,   0 
I 
2 
3 

.9848'  .0868 
.9840!  .0889 
.9832'  .0911 
.9824:  .0933 

5.   0 
I 

2 
3 

.9962 
.9958 
•9954 
•9949 

.0436 

.0457 
.0479^ 
.0501 

II,   0 

I 
2 
3 

.9816  .0954 
.9808J  .097; 

•9799,  -0997 
.9790  .loiS 
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Deg.  Qrs, 

N.  S.|E.  W. 

Deg.  Qrs. 

N.  S. 

E.  W. 

12. 

0 

.9781 

.1039 

2i.   0 

•9336 

.1792 

I 

.9772 

.1061 

I 

.9520 

.1812 

2 

•9763 

.1082 

2 

•9.^04 

.1832 

3 

•9753  -iioS 

3 

.9288 

.9272 

.1852 
.1873 

13- 

0 

•9744;  -1124 

22.   0 

I 

•9734  -1146 

I 

.9255 

.1893 

2 

.9724  .1167 

2 

•9239 

•1913 

3 

.9713J  .1188 

3 

.9222 

•1933 
•1953 

14. 

0 

.9703 

.1209 

23.  0 

.9205 

I 

.9692 

.1231 

I 

.9188 

•1973 

2 

.9681 

.1252 

2 

.9171 

•1993 

3 

.9670 

•1273 

3 

•9153 

•2013 
•2033 

15- 

0 

.9659!  -1294 

24.  0 

•9135 

1 

.9647;  .1315 

I 

.9117 

.2053 

2 

96361  .1336 

2 

.9099 

.£073 

3 

.9624'  .1357 

3 

.9081 

•2093 

35.  0 

.9063 

.2113 

16. 

0 

.9613 

•1378 

I 

.9600 

•1399- 

I 

.9044 

•2133 

2 

.9588 

.1420 

2 

.9026 

.2152 

3 

.9576 

.1441 

3 

.9007 

.2172 

!?• 

0 

•9563 

.1462 

26.  0 

.8988 

.2192 

I 

.9550 

.1482 

I 

.8968 

.2211 

2 

•9537 

•^503 

2 

.8949 

.2230 

3 

.9524 

.1524 

3 

.8929 

.8910 

.2250 

18. 

0 

•95^0 

•1545 

37.   0 

.2270 

I 

•9497 

.1566 

I 

.8890 

.2289 

2 

94«3 

.1586 

3 

.8870 

.2308 

3 

.9469 

.1607 

3 

.8850 

.2328 

?9- 

0 

•9455 

28.  0 

.8829 

•2347 

.1627 

I 

.9441 

.1648 

1 

.8809 

.2366 

2 

.9426 

.1669 

2 

.8788 

.2385 

3 

.9412 

.1683 

3 

.8767 

.2405 

20. 

0 

•9397 

.171C 

29.  0 

.8746 

.2424 

I 

.93^2 

•173c 

1 

.8725 

•2443 

2 

.936^ 

.1751 

I 

.8703 

.2462 

*7— ' — 

3 

•9351 

.1771 

3 

.8682 

.2481 

Latitude  and  half  Departure. 


269 


Deg. 

Qrs. 

N.  S.; 

E.  W. 

Deg. 

Qrs. 

N.  S. 

E.  w: 

30. 

0 

.8660 

.2500 

39^ 

0 

.7771 

.3146 

I 

.8638 

.2519 

I 

•7744 

•3163 

2 

.8616 

•2537 

2 

.7716 

.3180 

3 

.8594 

.2556 

3 

.7688 

•3197 

3i^ 

0 

.8571 

•2575 

40. 

0 

.7660 

.3214 

I 

.8549 

.2594 

I 

.7633 

•3230 

2 

.8527 

.2612 

2 

.7604 

•3247] 

3 

.8503 

.2631 

3 

•7575 

•3263 

32. 

0 

.8480 

.2649 

41. 

0 

■7547 

.3280 

I 

.84J7 

.2668 

I 

.75i« 

.3296 

2 

•H34 

.2686 

2 

.7489 

•3313 

3 

.8410 

.2705 

3 

.746Q 

•3329 

33- 

0 

.8387 

.2723 

42. 

9 

•743  i 

•3345 

I 

•8363 

.2741 

I 

.7402 

•3361 

2 

•8339 

.2759 

2 

•7373 

•3378 

3 

.8315 

.2778 

3 

•7343 

•3394 

34^ 

0 

.8290 

.2796 

43- 

0 

•7313 

•3410 

I 

.8266 

.2814 

i 

.7282 

.3426 

2 

.8241 

.2832 

2 

.7254 

•3441 

3 

.8216 
.8191 

.2850 

3 

.7224 

•3457 

oS- 

0 

.2867 

44. 

0 

.7192 

•3^73 

I 

.8166 

.2885 

i 

.7163 

.3489 

2 

.8141 

.2903 

2 

.7132 

•3504 

3 

'  .8116 

.2921 

3 

.7102 

.3520 

S^' 

0 

.8090 

•2939 

45- 

0 

.7071 

•3535 

I 

.8064 

.2956 

I 

.7041 

•3551 

2 

.8038 

•2974 

2 

.7009 

.3566 

3 

.8012 

.2991 

3 

.6978 

.3581 

>!' 

0 

.7986 

.3009 

46. 

0 

.6946 

•3596 

I 

.7960 

.3026 

I 

.6915 

.3612 

2 

•7933 

.  -3044 

a 

.6883 

.3627 

3 

.7907 

.3061 

3 

.6853 

,  -3642 

38. 

0 

.7880 

.3078 

47- 

0 

.6820 

1  -3656 

I 

•7«53 

•3095 

i 

.6788 

.3671 

3 

1  .7826 

.3112 

, 

2 

6756 
.6724 

.3686 

3 

•7799 

.3x29 

; 

. 

3 

•1  .370J 
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Deg.  <s^s. 

N.  0. 

^.  vv 

Deg  (^ 

.V  ^, 

..  W. 

48. 

0 

.6691 

•3715 

SI- 

0 

.544t 

•4193 

I 

.6659 

.3730 

I 

540L 

.4205 

2 

.6526 

•3745 

2 

•537S 

.4217 

3 

•6593 

•3759 

3 

•5336 

.4228 

49. 

0 

.6560 

•3773 

58. 

0 

.5299 

.4240 

I 

.6527 

.378b 

I 

.5262 

.4251 

2 

.6494 

.3802 

2 

,,5225 

.4263 

3 

.6461 

.3816 

3 

.5188 

.4274 

50. 

0 

.6428 

•383c 

59- 

0 

.5150 

.4286 

I 

•6394 

•384^ 

I 

•5113 

.4297 

2 

.6361 

.385^ 

2 

•5075 

.4308 

3 

.6327 

.3872 

3 

.5038 

•4319 

51- 

0 

.6293 

.3885 

60. 

0 

.5000 

•4330 

I 

.6259 

•3899 

I 

.4962 

•4341 

2 

.6225 

•39^: 

2 

.4924 

•4351 

3 

.6191 

•392' 

3 

.4886 

.4362 

^2. 

0 

.6157 

•394^ 

61. 

0 

.4848 

•4373 

I 

.6122 

•395- 

I 

.4810 

•4383 

2 

.6087 

.396^ 

2 

4771 

•4394 

3 

.6052 

.398c 

0 

•4733 

.4404 

■v^ 

0 

.6018 

•399- 

62. 

0 

.4695 

.4414 

I 

•59«3 

.4006 

I 

.4656 

.4425 

2 

.5948 

.4019 

2 

.4617 

•4435 

3 

.5912 

.4032 

3 

•4579 

•4445 

H- 

0 

.5878 

4043 

63- 

0 

.4540 

•4455 

I 

.58^2 

.405. 

I 

.4501 

.4464 

2 

.5807 

.407c 

2 

.4462 

•4474 

3 

•5771 

.4083 

3 

•4423 

.4484 

55- 

0 

•5736 

.4095 

64. 

0 

.4383 

•4494 

I 

.5700 

.410b 

I 

•4344 

-4503 

2 

.C664 

.412c 

2 

4305 

•4513 

3 

.5628 

•4133 

3 

.4265 

.4522 

56. 

0 

.5592 

,4145 

6s. 

0 

.4226 

•4531 

I 

■SS'j'i 

•415 

I 

.4186 

.4540 

2 

•5519 

.416, 

2 

.4147 

•4549 

3 

.^"j-8'. 

.4181 

5 

.4107 

•4558 

Latitude  and  half  Departure. 
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JJeg.  C^s. 

N.  S. 

E.  W. 

JJeg.  i^s. 

1\.  tl. 

£..  W. 

66. 

0 

.4067 

.4567 

75- 

0 

.2588 

.4829 

I 

.4027 

.4576 

I 

.2546 

.4835 

2 

-3987 

.4585 

2 

.2504 

.4840 

3 

•3947 

•4594 

3 

.2461 

.4846 

67. 

0 

.3907 

.4602 

76. 

0 

.2419 

.4851 

I 

.3867 

.4611 

I 

•2377 

.4856 

2 

.3827 

.4619 

2 

•2334 

.4862 

3 

.3786 

.4627 

3 

.2292 

.4867 

68. 

0 

•3746 

.4636 

77- 

0 

•2249 

.4872 

I 

•3705 

.4644 

I 

.2207 

.4876 

2 

.3665 

.4652 

2 

.2164 

.4881 

3 

.3624 

.4660 

3 

.2122 

.4886 

69. 

0 
I 

,  -3584 
i  -3543 

.4668 

.4676 

78. 

0 

i 

.2079 
.2036 

.489c 
.4895 

2 

.3502 

.4683 

2 

•1993 

.4899 

3 

.3461 

.4691 

3 

.1951 

.4904 

70. 

0 

.3420 

.4698 

79. 

0 

.1908 

.4908 

I 

•3379 

.4706 

I 

.1865 

.4912 

2 

•3338 

•4713 

2 

.1822 

.4916 

3 

•3297 

.4720 

3 

.1779 

.4920 

71- 

0 

•3255 

.4727 

80. 

0 

.1736 

•4^H 

I 

.3214 

•4734 

I 

.1693 

.4927 

2 

•3173 

.4741 

2 

.1650 

•4931 

3 

•3131 

.4748 

3 

.1607 

•4935 

72. 

0 

.3090 

•4755 

81. 

0 

.1564 

•4938 

I 

.3048 

.4762 

I 

.1521 

.4941 

2 

.3007 

.4768 

2 

.1478 

•4945 

3 

• .2965 

•4775 

3 

■^^ZS 

.4948 

73- 

0  1 

.2924 

.4781 

82. 

0 

.1392 

.4951 

I 

.2882 

.4788 

I 

.1348 

•4954 

^ 

.2840 

•4794 

2 

•1305 

•4957 

3' 

.2798 

.4800 

3 

.1262 

.4960 

74- 

0 

.2756 

.4806 

83. 

0 

.iii8 

.4962 

I 

.2714 

.4812 

I 

.1175 

.4965 

2 

.2672 

.4818 

2 

.1132 

.4968 

.^  ' 

.2630 

4823       f 

3 

.1088  .497CJ 
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P^g-  Q? 


.1045 

.|002 
.0958 
.0915 


Kw: — 


4972 
4974 
4977 
4979 

4981 

4983 
4984 
4986 

.4988 
.4989 
.4990 
4992 


i 

3 


55. 


86. 


.0871 
.0828 

.0784 
.0741 


.0697 
.0654 
.0610 
.05:66 


Deg.  Qrs 


87. 


89. 


N.  S. 


.0527 
.0480 
.0436 
.0392 

■0349 
.0303 
.0262 
,0218 

.0174 
.0131 
.008: 
.004;- 


etw: 

•4993 
.4994 

4995 
.4996 

•4997 
•4997 
.4998 
.4998 

•4999 
•4999 
.5000 
5000 


90. 


.0000  5000 


Xojind  the  dif.  tat.  and  half  dep.  for  any  bearing  and 
dijlance  by  the  foregoing  table. 

Multiply  that  number  in  the  column  N.  S.  which 
i^nds  againft  the  bearing,  by  the  diflance,  and  the 
©roduft  will  be  the  dif.  lat.  and  the  correfponding 
number  under  E.  W.  for  the  half  dep. 

Example. 

Suppofe  the  courfe  N.  42°|:E.  and  dillance  2iCi 
;5L.  of  four-pole  chains. 

Againft  42-  deg.  I  find,  under 

N.  S.  .7343,  and  under  E.  W.  .3394 
21.15  21.15 


36715 

7343 

7343 
14686      • 


16970 
3394 
3394 
6788 


X)if.  lai.   15.530445  Half  dep.  7. 1783 10 

But  the  large  table  following  Is  much  eafier  in  its 
ufe,  as  may  be  fceu  at  page  207 — 209. 


TABLES 


O    F 


DIFFERENCE 


Latitude  and  Departure: 

CONSTRUCTED 

TO    EVERY    QUARTER    OF    A    DEGREE 
OF  THE   QUADRANT, 

AND   CONTINUED   FROM   ONE,  TO  THE 

DISTANCE    OF   ONE    HUNDRED 

MILES    OR   CHAINS. 


0  SS^TWWiT^'  ^ 


P    H    I    L     A    D    E    L     l"    H    I    A: 

PRINTED     AND     SOLD     BY     JOSEPH    CRUKSBjfNK,     IN     MARKET*' 
STREET,    BETWEEN     SECOND    AND    TH IRD-STREKTS. 
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TRAVERSE    TABLE. 


1   '9. 

Lat. 

Dep. 

i  E 

%' 

T  E 

'^.\ 

u 

Lat. 

Dep. 

0,01 

Lat. 

i,oc 

Dep. 

c,or 

p 

I 

1,00 

0,00 

I,OC 

I 

a 
3 

2,00 

o,cx 

2;O0 

0,02 

2,0c 

0,-'.l 

2 

'  3PC. 
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2,29 

35 

36 

1    37 

35,95 

1,88 

35,94 

2,04 

35,93 

2,20 

35,92 

2,35 

36 

36,95 

1,94 

36,94 

2,10 

36,93 

2,26 

36,92 

2,42 

37 

!  3  a 

37,95 

1,99 

37,94 

2,15 

37,93 

2,32 

37,92 

2,49 

38 

39 

3«,9i 

2,04 

3«,94 

2,21 

38.93 

2,38 

38,92 

2,55 

39 

40 
41 

o9-.95 

40,94 

2,00 

30.9^ 

2,27 

39>93 
40,92 

2,44 

39,91 

2,62 

_40 
41 

2,15 

40,93 

2,32 

2,50 

40,91 

2,68 

42 

41,94 

2,20 

41,93 

2,38 

41,92 

2,56 

41,91 

2,75 

42 

43 

42,9^^; 

2,25 

42,93 

2,44 

42,92 

2,63 

42,91 

2,81 

45 

44 

43,94 

2,30 

43,93 

2,49 

43,92 

2,69 

43,91 

2,88 

44 

45 

44,94 

2,36 

44,93 

2,55 

44,92 

2,75 

44,90 

2,94 

45 

46 

.     47 

45,94 

2,41 

45,93 

2,61 

45*91 

2,8l 

45,9c 

3,0i 

46 

46,94 

2,46 

46,92 

2,66 

46,91 

2,87 

46,9c 

3,07 

47 

48 

47,93 

2,51 

47,92 

2,72 

47,91 

2,93 

47,9c 

3,14 

48 

49 

4^^,93 

2,j6 

48,92 

2,78 

48,91 

2,99 

48,9c 

3,20 

46 

50 

d 
3 

49,93 

2,62 

49,92 
Dep. 

2,83 

Lat. 

49,91 

3,05 

49,89 

3,27 
Lat. 

50 

d 

i5 

Dep 

Lat. 

Dep. 

Lat. 

Dep. 

87  1 

Jcg. 

86^. 

Deg. 

86i. 

Deg. 

bi6t 

Dtg. 

bs 


9 


TRAVERSE    TABL 


I 

4  Deg. 

4i  Oeg. 

4t 

Deg. 

Lat. 

Dep. 

Lat. 

Dep. 

0,07 

Lat. 

I,OC 

Dep. 

I,OC 

0,07 

1,00 

0,08 

a 

2,00 

0,14 

1,99 

0,15 

^,9. 

0,16 

3 

2,99 

Oj2I 

2,99 

0,22 

2,9  V 

0,24 

4 

3.99 

0,28 

3,99 

0,30 

3,99 

0,31 

5 

4,99 

0,35 

4*99 

0,37 

4,9<^ 

0,39 

6 

5,99 

0,42 

5,98 

0,44 

5,9<; 

0,47 

7 

6,98 

D,49 

6,98 

0,53 

6,98 

0,55 

8 

7,98 

0,56 

7^9^ 

0,59 

7,98 

0,63 

9 

8,98 

0,63 

8,98 

0,67 

8,97 

0,71 

lo 

9,9b 

0,70 
0,77 

9,97|  o,74| 

9,97 

0,78 
0,86 

II 

10,97 

10,97 

0,82 

10,97 

12 

11,97 

0,84 

11,97 

0,89 

11,96 

Oi94 

13 

12,97 

0,91 

12,96 

0,96 

12,96 

1^02 

' 

14 

13,97 

0,98 

13,96 

1,04 

13,96 

I5I0 

15 

14.96 

1,05 

14,96 

I,TI 

14,95 

1,18 

i6 

15,96 

1,12 

15,96 

1,19 

15,95 

1,26 

17 

16,96 

1,19 

16,95 

1,26 

16,95 

1,33 

18 

17,96 

1,26 

17,95 

1,33 

17,94 

1,41 

19 

1 8,95 

1,33 

18,95 

1,40 

18,94 

1,49 

20 

19,95 

1,40 

I9>95 

1,48 

19,94 

l>57 
1,65 

21 

20,9.? 

1,46 

20,94 

1,56 

20,94 

22 

21,95 

1,53 

21,94 

1,63 

21,93 

1,73 

23 

22,94 

1,60 

22,94 

1,70 

■^2,93 

1,80 

24 

23,94 

1,67 

23,93 

1,78 

23,93 

1,88 

25 

24,94 

1,74 

24,93 

1,85 

24,92 

1,96 

26 

25,94 

1,81 

25,93 

1,93 

25,92 

2,04 

; 

27 

26,93 

1,88 

26,93 

2,00 

26,92 

2,12 

28 

27,93 

1,95 

27,92 

2,08 

27,91 

2,20 

29 

28,93 

2,02 

28,92 

2,15 

28,91 

2,28 

30 

2993 
30,92 

2,09 
2,16 

29,92 

2,22 

29,91    2,35 
30,90    2,43 

31 

30,91 

2,30 

3^ 

31,92 

2,23 

31,91 

2,37 

31,90    2,51 

33 

32,92 

.2,30 

32,91 

2,45 

32,90    2,59 

34 

33,92 

2,37 

33,91 

2,52 

33,90    2,67 

35 

34,91 

2,44 

34,90 

2,59 

34,89    2,75 

36 

35,91 

2,51 

35,90 

2,67 

35,89    2,82 

3  7 

36,91 

2,58 

36,90 

2,74 

36,891  2,90 

38 

37,91 

2,65 

37,90 

2,82 

37,88    2,98 

39 

38,9c 

2,72 

38,89 

2,89 

38,88    3,06 

40 

39-90 

2»79 
2,86 

39,89 

2,96 

39,88    3,14 
40,87    3,22 

41 

40,90 

40,89 

3,0/3 

4a 

41,90 

2,93 

41,88 

3,11 

41,87    3^30 

43 

42,90 

3, CO 

42,88 

3J9 

42,87    3,37 

44 

43,89 

3,07 

43,88 

3,26 

43,86 

3,45 

45 

44,89 

3,14 

44,88 

3)33 

44,86 

3^53 

46 

45,89 

3,21 

45,87 

3,41 

47,86 

3>6i 

47 

46,89 

3,28 

46,87 

3,48 

4638C 

3,69 

48 

47,88 

3,35 

47,87 

3,56 

47,8/ 

3,77 

49 

48,88 

3,42 

48.87 

3,63 

48,8, 

3,84 

50 

49,88 
Dep. 

3,49 

49*86 
Dep 

3,71 

49,8: 
Dep 

3,92 

Lat. 

Lat. 

Lat. 

Q 

86  1 

)eg. 

85|,Deg-!| 

85iDeg.| 

D 


^g- 


Lat. 


1,00 

1,99 

2,99 

3,98 

4,9 

5,9 

6,9 

7,97 

8,97 

9,9/ 


10,96 
11,96 
12,96 
13,9.^ 
14,9-' 
15,9-5 
16,94 

17,94 
18,93 
19,93 


20,9,' 
21,92 
22,92 
23,92 
24,91 
25,91 
26,91 
27,90 
28,90 
29,90 


Dep. 


0,08 
0,17 
0,25 
0,33 
0,41 
0,50 
0,58 
0,66 

0,75 
0,8  : 


0,91 

0,99 

I, 

1,16 

1,24 

1,32 

l>4i 

1,49 

1.57 

1,66 


1,74 
•1,82 
1,90 

1,99 

2,07 

2,15 

2,24 
2,32 
2,40 
2, 


30,891  2,57 
31,89  2,65 
32,89  2,73 
33,88 
34,88 


3:'ii 
36,87 

37)87 
38,87 
39'86 


2^i;o 

3,06 

3 -J  5 
3,23 

3,31 
i>40 
3>48 
3yS(' 
3,64 
3,73 
3,81 
3,^ 
3,97 
4,06 

4.,I4 
LiU. 


Ssi  Deg. 


TRAVERSE 

T  A 

B  L  E. 

t9 

4  Deg. 

4t  ^eg. 

4i  Deg. 

4l  Deg. 

Lat. 

Dep. 

3,5  <^ 

Lat. 

Dep. 

Lat. 
50,84 

Dep. 

4,00 

Lat.    Dep 

51 

50,88 

50,86 

3,78 

50,82    4,22 

51 

52 

51,87 

3/^3 

51,86 

3,85 

51,84 

4,08 

5l>8a,  4,31 

52 

53 

52,87 

3,70 

52,85 

3,93 

52,84 

4,16 

52,82    4,39 

53 

54 

53,^7 

3,77 

53,85 

4,00 

53,83 

4,24 

53,81    4,47 

54 

55 

54,«7 

3.84 

54,85 

4,oS 

54,83 

4,32 

54,81    4,55 

55 

56 

55,^0 

3,9^ 

55,85 

4,15 

55,^^3 

4,39 

55,81    4,64 

76 

57 

56,86 

3,98 

56.84 

4,22 

56,82 

4,47 

56,80    4,72 

57 

5« 

57,«6 

4,05 

57,84 

4,30 

57,82 

4,55 

57,80    4,80 

78 

59 

58,86 

4,12 

58,84 

4,37 

58,82 

4,63 

58,80;  4,89 

59 

60 
61 

59,S^5 
6o,8i 

4,19 
4,26 

59,84 

4,45 

59,82 
60,81 

4,71 
4,79 

59,79    4,97 

60 

60,83 

4,52 

60,79    5,05 

61 

6z 

61,85 

4,32 

61,83 

4,59 

61,81 

4,86 

61,79'  5,13 

62 

6,3 

62,85 

4,39 

62,83 

4,67 

62,81 

4,94 

62,78.    5,22 

63 

64 

6.3,84 

4,46 

63,82 

4,74 

63,80 

5,02 

63,78 

5,30 

64 

65 

64,84 

4,53 

64,82 

4,82 

64,80 

5,10 

64,78 

V,38 

6^ 

66 

65,84 

4,60 

65,82 

4,89 

65,80 

5,18 

65,77 

5,47 

66 

67 

66,84 

4,67 

66,82 

4,97 

66,79 

5,26 

66,77 

5i'>5 

67 

68 

67,81 

4,74 

67,81 

5,04 

67,79 

5}34 

67,77 

5,63 

68 

69 

68,83 

4,81 

68,81 

5,11 

68,79 

5,41 

68,76 

5,71 

69 

70 

71 

69,83 
70,83 

4,88 
4,95 

69,81 

5,19 

69,78 

5,49 

69,76 
70,76 

5,80 
5,88 

70 
71 

70,80 

5,26 

70,78 

5)57 

'y£ 

71,82 

5,02 

71,80 

5,34 

71,78 

5,^5 

71,75 

5,96 

72 

73 

72,8.2 

5,09 

72,80 

5,41 

72,77 

5,73 

1  72,75 

6,04 

73 

74 

73,8^^ 

5,16 

73,80 

5,48 

73,77 

5,81 

73,75 

6,13 

74 

75 

74,82 

5.2-3 

74,79 

5,56 

74,77 

5,88 

74,74 

6,21 

75 

76 

75,81 

5,30 

75,79 

5,63 

75,77 

5,96 

75,74 

6,29 

76 

77 

76,81 

5,37 

76,79 

5,71 

76,76 

6,04 

76,74 

6,38 

77 

7« 

77,81 

5,44 

77,79 

5,78 

77,76 

6,12 

77,73 

6,46 

78 

79 

78,81 

5.51 

78,78 

J,85 

78,76 

6,20 

78,73 

6,54 

79 

80 

79,81 

5,58 

79,78 

5,93 

79,75 

6,28 

79,73 

6,62 

80 

81 

80,80 

5,65 

80,78 

6,00 

80,75 

6,36 

80,72 

6,71 

81 

.^2 

81,80 

5,72 

81,78 

6,08 

81,75 

6,43 

81,72 

6,79 

82 

«3 

82,80 

5,79 

82,77 

6,M 

82,74 

6,51 

82,71 

6,87 

83 

84 

83,80 

5,86 

83,7; 

6,23 

8,3,74 

6,59 

83,71 

6,96 

84 

«5 

84,79 

5,93 

84,77 

6,30 

84,74 

6,67 

84,71 

7,04 

85 

86 

85,79 

6,00 

85,76 

6,37 

85,73 

6,75 

87,70 

7,12 

86 

87 

86,79 

6,07 

86,76 

6,45 

86,73    6,83 

86,70 

7,20 

87 

88 

87,79 

6,14 

87,7^- 

6,?2 

87,73    6,90 

87,70 

7,29 

88 

89 

88,78 

6,21 

88,76 

6,60 

88,73    6,98 

88,70 

7,37 

89 

90 

89,78 
90,78 

6,28 
6,35 

89,75 
9°'75 

6,67 

6,74 

89,72    7,06 

89,69 
90,69 

7,45 
7,54 

90 
91 

90,72    7,14 

92 

91,78 

6,44 

91,75 

6,82 

91,72    7,22 

91,68 

7,62 

02 

93 

92,77 

6,49 

92,74 

6,89 

92,71 

7,30 

92,68 

7,70 

93 

94 

93,77 

6,96 

93,74 

6,97 

93,71 

7,38 

93,68 

7,78 

94 

95 

94,77 

6,63 

94,74 

7,04 

94,71 

7>45 

94,67 

7,87 

95 

96 

95,77 

6,70 

95,74 

7,11 

95,70    7,53 

95,67 

7,95 

96 

97 

9,6,76 

6,77 

96,73 

7,19 

96,70    7>6i 

96,67 

8,03 

97 

98 

97,76 

6,84 

97,73 

7,26 

97,70,  7,69 

97,66 

8,12 

98 

99 

98,76 

6,91 

98,7.3 

7,34 

98,69.  7j77 

98,66 

8,20 

99 

100 

99,76 
Dep. 

6,98 
Lat. 

99,73 

7,41 

99,69'  7,85 
Dep.l  Lat. 

99,66 

8,28 

100 

Dep. 

Lat. 

Dep. 

Lat. 

86  Deg.  1 

85^  Deg.  1 

85i- 

Deg.ll 

85t 

Deg. 

It 


TRAVERSE    TABLE. 


IF 

0 

5  Deg.    1 

5i  I^eg.  1 

5i  Deg. 

5l  Deg.  i 

Lat. 

Dep. 
0,09 

Lat. 

Dep. 

Lat.  1  Dep. 
1,00    0,10 

Lat. 

Dep. 

I 

1,00 

I  ,oc 

0,09 

0,99 

0,10 

I 

2 

i>99 

0,17 

1,9:; 

0,18 

1,99 

0,19 

1,99 

0,20 

2. 

3 

2,99 

0,26 

2,99 

0,27 

2,99 

0,29 

2,98 

0,30 

3 

4 

3,9^^ 

0,35 

3,9'<^ 

0,37 

3,98 

0,38 

3,9i^ 

0,40 

4 

5 

4,9- 

0,44 

4,98 

0,46 

4,98 

0,48 

4,97 

0,50 

5 

6 

5,9^' 

0,52 

5,97 

0,55 

5,97 

0,58 

5,97 

0,60 

6 

7 

6,9- 

0,61 

6,97 

0,64 

6,97 

0,67 

6,96 

0,70 

7 

8 

7,97 

0,70 

7,97 

0,73 

7,96 

0,76 

7,96 

0,80 

8 

9 

8,97 

0,78 

8,96 

0,82 

8,96 

0,86 

8,95 

0,901 

9 

lO 

9:-9t 

0,87 

9,96 

0,92 
1,01 

9,95 

0,96 

9,95 

1,00 

10 
II 

II 

0,96 

10,95 

10,95 

1,05 

10,94 

.1,10, 

12 

11,9.^ 

1,05 

11,95 

1,10 

11,94 

1,15 

11,94 

I,20| 

12 

13 

12,9- 

>,I3 

12,95 

1,19 

12,94 

1,25 

12,93 

1,30 

13 

14 

I3..^.s 

1,22 

13,94 

J,28 

13,94 

1,34 

13,93 

1,40 

14 

IS 

14,94 

i,3i 

14,94 

1,37 

14,93 

Ij44 

14,92 

1,50 

15 

i6 

15,9-^ 

1,39 

.15,93 

1,46 

15,93 

i?53 

15,92 

1,60 

16 

17 

16,94 

1,48 

16,93 

1,56 

16.92 

i?63 

16,91 

1,70 

17 

i8 

17,93 

1,5  7 

17,9-' 

1,65 

17,92 

l:.73 

17,91 

1,80 

18 

19 

i'S,93 

1,66 

18,92 

1,74 

18,91 

1,82 

18,9c 

1,90 

19 

20 
21 

19,92 

20, QS 

1,74 

19,92 
20,91 

1,83 

19,91 

1,92 

10,90 

2,00 
2,10 

20 
21 

1,83 

1,92 

20,90 

2,01 

20,89 

22 

21,92 

1,92 

21,9-1 

2,01 

21,90 

2,11 

21,89 

2,20 

22 

23 

22,91 

2,00 

22,9c 

2,10 

22,89 

2,20 

22,88 

2,30 

23 

M 

23,91 

2,09 

23,90 

2,20 

23,^9 

2,30 

23,88 

2,40 

24 

25 

24,9c 

2,18 

24,90 

2,29 

24,88 

2,40 

24,«7 

2,50 

25 

26 

2V,90 

2,27 

25,89 

2,38 

25,88 

2,49 

25,87 

2,60 

26 

27 

26,90 

2,35 

26,89 

2,47 

26,88 

2>55' 

26,86 

2,71 

27 

28 

27,8q 

2,44 

27,88 

2,56 

27,87 

2568 

27,86 

2,81 

28 

29 

28,89 

2,53 

28,88 

2,65 

28,87 

2,78 

28,85 

2,91 

29 

30 

29,80 

2,61 

29,87 

2,75 

29,86 
50,86 

2,88 
2,97 

29,85 

3,01 

30 
31 

31 

30,80 

2,7c 

30,87 

2,84 

30,84 

3,11 

32 

31,88 

2,79 

31,87 

^,93 

S^.'-^S 

3,07 

3i,!^4 

3,2X 

32 

33 

32,87 

2,88 

32,86 

3,02 

32,85 

3,16 

32,83 

3,31 

33 

34 
35 

33,87 

2,96 

3^,86 

3,11 

33,84 

3,26 

33,83 

3,41 

34 

34,87 

i,oS 

34,85 

3,20 

34,84 

3,35 

34,82 

3,51 

35 

36 

3';,s<^ 

3,14 

35.85 

3,29 

35,83 

3,45 

35,^2 

3,61 

36 

37 

36,86 

3,22 

36,84 

3,39 

36,83 

3,55 

36,81 

3,71 

37 

38 

37,86 

3,31 

37,84 

3,48 

37,83 

3,64 

37,81 

3,81 

38 

39 

^8,8; 

3,40 

38,84 

3,57 

38,82 

3,74 

38,80 

3^9^ 

39 

40 
41 

39,^5 

3,49 

39,83 
40,83 

3,66 
-3,75 

39,«2 

3,83 

39,^0 

4,01 

40 
41 

40,84 

3,57 

40,81 

3,93 

40,79 

4,11 

42 

41,84 

3,66 

41,82 

3,84 

41,81 

4,03 

4I;.79 

4,21 

42 

43 

42,84 

3,75 

42,82 

3,93 

42,80 

4,12 

j 42,78 

4,31 

43 

44 

43,83 

3,83 

43,82 

4,03 

43,8c 

4,22 

43,78 

4,41 

44 

45 

44,83 

3,92 

44,81 

4,12 

44,79 

4!3i 

44,77 

4,51 

45 

46 

4T,82 

4,01 

45,81 

4,21 

45,79 

4,41 

45,77 

4,61 

40 

47 

46,82 

4,10 

46,8c 

4,30 

46,78 

4*50 

46,76 

4,71 

47 

4!? 

47,82 

4,18 

47,80 

4,39 

47,78 

4,60 

47,76 

4,81 

48. 

49 

48,81 

4,27 

48,79 

4,48 

48,77 

4,70 

48,75 

4,91 

49 

50 

s 

49,81 

Dep 

4,36 

49,79J  4,58 
Dep.l  Lat. 
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4,79 
Lat. 
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5,:  I 

50 

p 

1 

.Lat, 

Dep. 

Dep. 

Lst. 

85  Deg. 

84|Deg. 

84i  Deg. 

Hj  Deg. 
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E. 
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Si 

5  Deg. 
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Dcp. 
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Dtp. 
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p 

Ji 
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4,44 

50,79 

4,67 

50,77 

4,89 

50,74 
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51 

5* 

'?i,8o 

4,53 

5I.7« 

4,76 

51.76 

4,98 

51,74 

5,21 

52 

53 

V2,8o 

4,62 

52,78 

4,85 

52,76 

5,08 

52,73 

5,3i 

S3 

54 

n,79 

4,71 

53.77 

4,94 

53,75 

5,18 

53,73 

5,41 

54 

55 

T4,79 

4.79 

54,77 

5,03 

54,75 

5.27 

54,72 

5,5  i 

55 

S6 

55.79 

4.88 

55.77 

5.12 

55,74 

5,37 

55,72 

5,^i 

56 

57 

16,78 

4,97 

56.76 

5,22 

56,74 

5,40 

56,71 

5,71 

57 

^8 

17,78 

5,06 

57,76 

5,3^ 

57,73 

575(i 

57, 7i 

5,81 

58 

59 

V8,78 

5.14 

58,75 

5.40 

58,73 
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58,70 

5,91 

59 

6o 

19.77 
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59.75 

5.49 

59,72 
60,72 

5,75 
5,85 

59,70 
60,69; 

6,01 
6,11 

60 
61 

6i 
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5,3^ 

60,74 

5,58 

62 
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5.40 
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5,67 
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6,21 

62 

6^ 

62,76 

5,49 

62,74 

5,76 

62,71 

6,04 

62,68 

6,31 

63 

64 

6^.76 

1,18 

63,73 

5,86 

63,71 

6,13 

63,68 

6,41 

64 

6^ 

64.75 

1.67 

64,73 

5,95 

64,70 

6,23 

64,67 

(:,5i 

65 

66 

65,75 

5,75 

65.72 

6,04 

65,70 

6,33 

65,67 

6,61 

66 

67 

66,75 

1.84 

66,72 

6,13 

66,69 

6,42 

66,66 

6,71 

67 

68 

67.74 

5.93 

67,71 

6,22 

67,69 

6,52 

67,66 

6,81 

68 

69 

68,74 

6,01 

68,71 

6,31 

68,68 

6,61 

68,'.>5 

6,91 

69 

70 
71 

69.73 

6,10 

69,71 

70,7c 

6,41 
6,50 

69,68 

^71 
6,81 

69,65 

7,01 

70 
7JC 

70.73 

6,19 

70,67 

70,64 

7," 

72 

71,73 

6,28 

71.70 

6,59 

71,67 

6,90 

71,64 

7,21 

72 

73 

72,72 

6,36 

72,69 

6,68 

72,66 

7,00 

72,63 

7,3^ 

73 

74 

7^,7^ 

6,45 

73.69 

6,77 

73,66 

7,09 

73,63 

7,41 

74 

75 

74,71 

6,54 

74,69 

6,86 

74,65 

7,19 

74,62 

7,5^ 

75 

76 

75,71 

6,62 

71.68 

6,95 

75,65 

7,28 
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7,61 

70 

77 

76,75 

6,71 

76,68 

7,05 

76,65 

7^58 

76,61 
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77 

78 

77,70 

6,80 

77.67 

7,14 

77.64 

7,48 

77,61 

7,oi 

78 

79 

78,70 

6,89 

78.67 

7,23 

78,64 

7,57 

78,60 

7,9i 

79 

8© 
81 

79.70 
80,69 

6,97 

7,06 

79,66 

7,32 

79.63 

7,67 

79,60 
80,59 

8,02 

80 

8o,6t 

7,41 

80,63 

7,76 

8,12 

81 

82 

8i,6q 

7.15 

8i,6C 

7,50 

81,62 

7,86 

81,59 

8,22 

82 

8^ 

8a,68 

7,23 

8a,6'; 

7,59 

82,62 

7,96 

82,58 

8,32 

83 

84 

8-,,68 

7,32 

8^,6' 

7,69 

83,61 

8,05 

83,58 

8,42 

84 

8^ 

84,68 

7.41 
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7,78 

84,61 

8,15 

84,57 

8,52 

85 

86 

81,67 
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8^,64 

7,87 

85,60 
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86 

87 

86,67 

7^18 

86,64 

7.96 
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8,34 

86,56 

8,72 

87 

88 

87,67 

7,67 

87.6. 

8,05 

87,59 

8,44 

87,5f> 

8,82 

88 

89 

88,66 

7.76 

88,6- 

8,14 

88,59 

8,53 

88,55 

8,92 

89 

90 

89,66 

7,84 
7.93 

89,6^ 
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8,24 

8,r, 

89.59 
90,5^ 

8,t3 
8,72 

80,55 

9,02 

90 
91 

91 

90,6.5 
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9,1  a 

92 

91.65 

8,02 

91,61 

8,42 

91.58 

8,82 
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9,22 

92 

93 

92,65 

8,11 

02,6X 

8,51 

9^.57 

8,91 

92,53 

9,3'^ 

93 

94 
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8,19 

93.61 

8,60 

53,57 

9,01 

93,53 

9>42 

94 

95 

94,64 

8,28 

94,60 

8,69 

94,56 
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9,52 
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96 
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95.6c 

8,78 

95-56 

9,23 

95,52 
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96 

97 
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97 

98 
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97.5S 

8,97 

97,55 
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98 

99 
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8,6  s 

98,59 
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99 
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Q 
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Lat. 
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1,99 
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0,33 
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4 
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5 
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6,96 
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8 
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8.95 
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8,94 
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1,09 
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10,94 
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1,41 

12 

13 
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1,36 

12,92 

1,42 
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12,93 

1,53 

13 

14 

13,92 

1,46 
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1,52 

13,91 

l>59 
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1,65 

14 

15 

14,92 

1,57 
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1.63 

14,90 

1,70 

14,9^ 

1,76 

15 

1 

16 

15,91 

1,67 

15,90 

1,74 

15,90 

i,-8i 

15,8-. 

1,88 

16 

17 

16,91 

1,78 

16,90 

1,85 

16,89 

1,92 
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2,00 

17 

i8 

17,9c 

1,88 

17*89 

1,96 

17,88    2,04}^ 

17,8b 

2,12 

18 

19    18,9c 

1,99 

;8,89 

2,07 

18,88 

2,15 

18,8: 

2,23 

19 

20    19,89 

2,09 

19,88 
20,88 

2,29 

19,87 
20,87 

2,26 

19,86 
20,85 

2,35 
2,47 

20 
21 

21 

20,88 

2,20 

2,38 

22 

21,88 

2,30 

21,87 

2,40 

21,86 

2,49 

21,85 

2,59 

22 

23 

22,87 

2,40 

22,86 

2,50 

22,85 

2,60 

22,84 

2,70 

23 

24 

23,87 

2,51 

23,86 

2,61 

23,85 

2,72 

23,83 

2,82 

24 

a.5 

24,86 

2,61 

24,85 

2,73 

24,84 

2,83 

24,83 

2,94 

25 

26 

2,7,86 

2,72 
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2,83 

25,83 

2,94 

25,82 

3,06 

26 

27 

26,85 

2,82 

26,84 

2,94 

26,83 

3,06 

26,81 

3,17 

27 

28 

27,85 

2,93 

27.83 

3.05 

27,82 

3,17 

27,81 

3,29 

28 

29 

28,84 

3,03 

28,83 

3,16 

28,81 

3,28 

28,80 

3,41 

29 

30 
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3,14 
3,24 

29,82 

30,8: 

3,27 
3.37 

29,81 

3,40 

29,79 
30,79 

3,53 

30 

31 

30,83 

30,80    3,51 

3,64 

31 

3a 

31,8-2 

3,34 

31,81 

3,48 

31,79    3,62 

31,78]  3,76 

32 

33 

32,82 

3,45 

32,80 

3,59 

32,79 

1  3,74 

32,77 

3,88 

33 

34 

33,81 

3.55 

33,8c 

3,70 

33,78 

3,85 

33,76 

4,00 

34 

35 

34,81    3,66 

34,79 

3,81 

34,78 

■  3,96 

34,76 

4,11 

35 

36 

35,8o    3,76 

35,79 

3,92 

35,77 

4,08 

1  35,75 

4,23 

36 

■ 

3  7 

36,80    3,87 

36,78 

4,03 

36,76 

4,19 

36,75 

4,35 

37 

3^ 

37,79    3,97 
38,79!  4,dg 

37,77 

4,14 

37,768  4,30 

37,74 

4,47 

38 

39 

3-8,77 

4,25 

38,75!  4,41 

38,73 

4,58 

39 

, 

40 
41 

39,78    4,18 
40,781  4,i9 

39."^)  4,35 

39,74 

I  4,53 

39,72 
40,72 

4,7c 
4,82 

40 
41 

40,76 

4,46 

40,74 

4,64 

42 

41,7/ 

4,39 

41,75 

4,57 

41,73 

4,76 

41,71 

4,94 

,  42 

43 

42,7< 

4,49 

42,74 

4,68 

42,72 

4,87 

42,7c 

5,05 

43 

44 

43.7f 

)    4,60 

43,74 

4,79 

43,7: 

4,98 

43,7  c 

5,17 

44 

45 

44,7. 

4,70 

44,7o 

4,90 

44,71 

5,09 

44,69 

5,29 

45 

46 

45,7. 

4,81 

45,7? 

5,01 

45,7c 

5,21 

45,6^- 

5,41 

46 
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46,7/ 

,    4.91 

46,77 

5,12 

46,7c 

5,32 

46,65 

5,5^ 

47 

48 

47,7'' 

5,02 

47,71 

S,-i3 

47>6!, 

•  5,43 

47,6: 

5,64 

48 

49 

48.7. 

5.  5,12 

48,71 

5,34 

48,6c 

S->5S 

48,6f 

5,7f 

49 

50 

49,7. 
Dep 

5    5,23 

49,7c 
Dep 

5,44 
Lat. 
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Dep 

5,66 

Lat. 

49,6. 

5,8i 

i    50 

ei 

.    Lat. 
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51 

50,72 

5^33 

50,70 

5,55 

50,67 

5,77 

50,65 

5,99 

51 

^3 

';i,72 

5i44 

51,69 

5.66 

51,67 

5,89 

51,64 

6,11 

52 

■r.! 

51,71 

5, '54 

52,68 

5.77 

52,66 

6,00 

52,63 

6,23 

52, 

J4 

53,70 

5,64 

53,68 

5.88 

53,65 

6,11 

53,63 

6,35 

54 

5^ 

54,70 

5,75 

54,67 

5,99 

54,6i 

6,23 

54,62 

6,46 

55 

^6 

55,69 

5.85 

55,67 

6,10 

55,64 

6,34 

55,61 

6,58 

56 

51 

56,69 

5,96 

56,66 

6,21 

56.63 

6,45 

56,60 

6,70 

57 

58 

57.68 

6,06" 

57,66 

6,31 

57,63 

6,57 

57,60 

6,82 

58 
59 

59 

j8,68 

6,17 

58,6.s 

6,42 

58,62 

6,68 

58,59 

6,93 

60 

^9,6: 

6,27 

59,6- 

6,53 

59.6r 
60,61 

6,79 
6,91 

59>58 
60,58 

7,05 
7,^7 

60 
61 

61 

60,67 

6,38 

60,6^ 

6,64 

U 

61,66 

6,48 

61,63 

6,75 

61,60 

7,02 
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7,29 

6a 

63 

62,65 

6,59 

62,63 

6,86 

62,60 

7,131 

62,56 
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6.^ 

64 
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6,69 

63,62 

6,97 

.63,59 

7,25 

63,56 

7,52 

64 

65 
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6.79 

64,61 

7,08 
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7,36 
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7,64 

65 

66 
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65.61 

7.19 

65,58 

7,47 
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7,76 

66 

67 
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67 

68 
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68 

69 
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68,59 
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68,52 
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69 

70 
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69,58 

7,62 
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n 

70,6 1 

7,42 

70,5  fc 
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70,54 
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71,61 
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73 
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74 
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74 

75 
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75 

76 
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76 

77 
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77 

7« 
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78 

79 
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79 

8o 
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8.36 
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79,53 
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9,52 
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8i 
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8,82 

82 
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8,57 

8i,.5i 
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9,28 
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8,«8 

82,51 

9,04 

82,47 

9,40 

82,42 

9,76 

83 

84 
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8,78 
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9,14 

83,46 
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83,42 

9,87 

84 

»5 
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8,88 

84,5^ 

9,25 

r  84,45 

9,62 

84,41 
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85 

86 
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8,99 
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9,36 

85,45 
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86' 

«7 

86,52 
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87 

88 
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9,58 

87,43 
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88 

89 
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89 
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9,80 
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91 

90,46 

9,9^ 
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9,62 
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92 

93 

92,49 

9,72 

92,45 

10,12 

92,40 
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10,93 

93 

94 

93,49 

9.83 

93,44 

10,23 

^,4C 

10,64 

93,35 

11,05 

94 

95 

94,4^ 

9,93 

94,44 

10,34 

94,39 

to,75 

94,34 
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95 

96 

95,4/ 

10,03 

95,42 

10,45 

95.3^ 
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95,3:3 
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96 

97 

96,4' 

10,14 
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10,56 

96,38 
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97 

98 
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10,24 
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.  19,67 
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98 

99 

9^Ai 

'  10,35 
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10,78 

98,3^ 
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99 
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i 
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Dep 
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Dep 
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7l  Deg. 

0 
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Lat. 
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Dep. 
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Lat. 
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Dep. 
0,13 

Lat. 

Dep. 

Lat. 
0,99 
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a 
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0,25 
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0,26 
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0,37 

2,98 

0,38 

2,97 
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2,97 
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3,97 

0,49 

3,97 

0,50 

3,97 
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3,96 

0,54 
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5 

4,96 

0,61 

4,96 

0,63 

4,96 

0,65 

4,95 

0,67 

5 

6 

5,96 

0,73 

5.95 

0,76 

5,95 

0,78 

5j95 

0,81 

6 

7 

6,95 

0,85 

6,94 

0,88 

6,94 

0,91 

6,94 

0,94 

7 

8 

7.94 

0,97 

7,94 

1,01 

7,93 

1,04 

7,93 

1,08 

8 

9 

8,93 

1,10 

8,93 

1,14 

8,92 

1,17 

8,92 

1,21 

9 

lO 

9,93 

1,22 

9.92 

1,26 

9.91 

i»3i 

9j9i 
10,90 

1,35 

10 
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10,92 

1,34 
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1.39 

10,9.x 
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11,91 

1,46 
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1,^7 
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12,90 

1,58 
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1,64 

12,89 

1,70 
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14 

13,90 

1,71 
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1,77 

13,88 

1,83 
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15 

14,89 

1,83 

14,88 

1,89 

14,87 

1,96 

Ih,86 
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l6 

15,88 

1.95 

15,87 

2,02 

15,86 

2,09 

15,85 
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17 

16,87 

2,07 

16,86 

2.15 

16,85!  2,22 
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2,19 

17,86 

2,27 
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18,85 

2,40 

18,84 

2,4? 
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2,90 

22,80 
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25 

24,81 

3,05 
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a6 

25.81 

3,17 

'25,79 

3,28 

25,78 

3r39 

25,76 
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27 

a6,8c 

3.29 

26,78 

3.41 

26,77 

3»52 

26,75 

3,64,   27 

aS 

27,79 

3,41 

27,78 

3,53 

27,76 

3»65 

27,74 

3,78    28 

29 

28,78 

3»U 

28,77 

3.66 

28,75 

3>79 

28,74 

3,91    29 

30 

29.78 

3,66 

29,76 

3.79 

29,74 

3,92 

29,73 

4,05    30 

31 

30,77 

3,78 

30,75 

3.91 

30,73 

4,05 

30,72 

4,l8.  31 

32 

31,76 

3,90 

31,74 

4,04 

31,73 

4,i8 

31,71 

4,32    32 

33 

32,75 

4,02 

32,74 

4,16 

32,72 

4,31 

32,70 

4,45    33 

34 

33,75 

4,14 

33.75 

4,29 

33,71 

4>44 

33,69 

4,58    34 

35 

34,74 

4,27 

34,72 

4,42 

34,70 

4>57 

34,68 

4,72 

35 

36 

35,73 

4,39 

35,71 

4,54 

35,69 

4,70 

35,67 

4,85 

36 

37 

36,72 

4,51 

36,70 

4,67 

36,68 

4,83 

36,66 

4,99 

37 

38 

37,72 

4,63 

37,70 

4,80 

37,67 

4,96 

37,65 

5,12 

38 

39 

38,71 

4,75 

38,69 

4,92 

38,67 

5>09 

38,64 

5,26 

39 

40 
41 

39.70 

4,87 

39.68 

5,05 
5,17 

39.66 

5»22 

39,65 
40,63 

5,39 
5,53 

40 
41 

40,70 

5,00 

40,67 

4^,65 

5,35 

42 

41,69 

5,12 

41,66 

5,30 

41,64 

5,48 

4i,.62 

5,66 

42 

43 

42,68 

5,24 

42,66 

5.43 

42,63 

5>6i 

42,61 

5,80 

43 

44 

43,67 

5,36 

43,65 

5,55 

43,62 

5>74 

43,60 

5,93 

44 

45 

44,67 

V,48 

44,64 

5,68 

44,62 

5,87 

44,59 

6,07 

45 

46 

45,66 

5,61 

45,63 

5,81 

45,61 

6,00 

45,5^ 

6,20 

46 

47 

46,65 

5,73 

46,62 

5,93 

46,60 

6,13 

46,57 

6,34 

47 

48 

47.64 

5,85 

47,62 

6,06 

47r59 

6,27 

47,56 

6,47 

48 

49 

48,63 

5,97 

48,61 

6,18 

48,58 

6,401 

48,55    6,61 1 

49 

50 
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6,09 

49,60 
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51 
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6,22 

50,59 

6,44 

50,56 

6,66 

50,53 

6,88 

5a 

^i,6i 

6,34 

51,58 

6,56 

51,56 

6,79 

51,53 

7,01 

52 

51 

52,60 

6,46 

52,58 

6,69 

52,55 

6,92 

52,52 

7,li 

57, 

54 

?3.6o 

6,58 

53,57 

6,8x 

53,54 

7,05 

SWj'^ 

7,28 

54 

55 

54,59 

6,70 

54,56 

6,94 

54,53 

7,18 

54,5c 

7,42 

55 

56 

^5,58 

6,82 

S5,SS 

7,07 

55,52 

7,31 

55,49 

7,55 

56 

57 

56,58 

^.^9S 

56,54 

7,19 

56,51 

7,44 

56,48 

.7>69 

57 

^« 

r/,57 

7.07 

57,54 

7,32 

57,50 

7,57 

57,47 

7,82 

58 

59 

58,56 

7,19 

58,53 

7,45 

58,50 

7,7° 

58,46 

7,96 

59 

60 

59.55 

7,31 

59,52 

7,57 

59,49 

7,83 

59j45 

60,44 

8,09 

,60 
61 

61 

60,55 

7,43 

60,51 

7,70 

60,48 

7,96 

8,23 

6z 

61,54 

7,56 

61,50 

7,82 

61,47 

8,09 

61,43 

8,36 

62 

63 

62,5,3 

7,68 

62,50 

7,95 

62,46 

8,22 

62,42 

8,50 

63 

' 

64 

6s. T* 

7,80 

63,49 

8,08 

63,45 

8,35 

63,42 

8,63 

64 

6^ 

64^52 

7,92 

64,48 

8,20 

64,44 

8,48 

64,41 

8,77 

65 

66 

6-?,^! 

8,04 

65,47 

8,33 

65,44 

8,61 

65,40 

8,90 

66 

67 

66,50 

8,17 

66,46 

8,46 

66,43 

8,75 

66,39 

9,04 

67 

68 

67,49 

8,29 

67,46 

8,5^5 

67,42 

8,88 

67,38 

9»i7 

68 

69 

68,49 

8;4i 

68,45 

8i7i 

68,41 

9501 

68,37 

9>30 

69 

1    70 

69,48 

8,53 

69,44 

8,83 

69,40 

9,14 

69,36 

9'44 
9,57 

70 
71 

71 

70,47 

8,65 

70,43 

8,96 

70,39 

9,^7 

70,35 

72 

71,46 

8,77 

71,42 

9,09 

71,38 

51,40 

71,34 

9>7i 

72 

i 

73 

72,46 

8,90 

72,42 

9,21 

72,38 

9»53 

72,33 

9,84 

73 

74 

73,45 

9,02 

73,41 

9,34 

73,37 

9,66 

73,32 

9,98 

74 

75 

74,44 

9,14 

74,40 

9,46 

74,36 

9>79 

74,31 

10,11 

75 

: 

76 

75,43 

9.26 

75,39 

9,59 

75,35 

9,92 

75,31 

10,25 

76 

77 

76,43 

9,38 

76,38 

9,72 

76,34 

10,05 

76,30 

10,38 

77 

7B 

77,4^ 

9,51 

77,38 

9,84 

77,33 

10,18 

77,29 

10,52 

78 

79 

78,41 

9j63 

78,37 

9,97 

78,32 

ic,3i 

78,28 

10,65 

79 

80 
81 

79,40 
80,40 

9,75 

79-3'; 

10,10 

79-32 

10,44 

79,27 
8c,26 

10,79 

80 

■ 

9,87 

8o,3i 

10,22 

80,31 

10,57 

10,92 

81 

■ 

8z 

81,39 

9,99 

8 1, 14 

10,35 

81,3c 

10,70 

81,25 

11,06 

82 

» 

«3 

82,38 

10,12 

82,34 

10,47 

82,29 

10,83 

82,24 

11,19 

83 

84 

83,37 

10,24 

83,33 

10,60 

83,28 

10,96 

i53,23 

11,33 

84 

85 

84,37 

10,36 

84,32 

fo,73 

84,27 

11,09 

84,22 

11,46 

85 

86 

85,36 

10,48 

85,31 

10,85 

85,26 

11,23 

85,21 

11,60 

86 

87 

86,3  5 

10,60 

86,3c 

10,98 

86,26 

11,36 

86,21 

iij73 

87 

88 

87,34 

10,72 

87,3c 

II, II 

87,25 

11,49 

87,20 

11,87 

88 

89 

88,34 

10,85 

88,29 

11,23 

88,24 

11,62 

88,19 

12^00 

89 

' 

90 

89,33 

10,97 

89,28 

11,36 

89,23 

11,75 

89,18 

12,14 
12,27 

90 
91 

91 

90,32 

11,09 

90.27 

11,48 

90,22 

11,88 

90,17 

92 

91,31 

11,21 

91,26 

11,61 

91,21 

12,01 

91,16 

12,41 

92 

91 

9^,31 

ii,33 

92,26 

11,74 

92,2c 

12,14 

92,15 

12,54 

93 

B 

94 

93,3c 

11,46 

93,25 

11,86 

93,ao 

12,27 

93,14 

12,68 

94 

95 

94,29 

ir,58 

94,24 

11,99 

94,19 

12,40 

94,13 

12,81 

95 

r 

96 

95,28 

11,70 

95,23 

12,12 

95,18 

12,53 

95,12 

12,95 

96 

97 

96,28 

11,82 

96,22 

12,24 

96,17 

12,66 

96,11 

13,08 

97 

98 

97,27 

11,94 

97,22 

12,37 

97,i6 

12,79 

97,10 

13*22 

98 

» 

99 

98,26 

12,07 

98,21 

12,49 

98,15 

12,92 

9t',ic 

^l-t'hS 

99 
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99,25 

12,19 
Lat. 
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99,14 

13,05 

99,09 
Dep. 

'3?49 
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82|Deg. 
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0 
p 

Lat. 

Dep. 

Lat.    Dep. 
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I 

0,99 

0,14 

0,99    0,14 

0.99 

o,r5 

0,9  c, 

0,15 

I 

2 

1,98 

0,28 

1,9b 

0,29 

1,98 

0,30 

l,9> 

0,30 

2 

3 

a-/97 

0,42 

1    2*97 

0,43 

2,97 

0,44 

2,9-. 

0,46 

3 

4 

3,9'-> 

0,56 

3,96 

o,S7 

3,96 

o>59 

3,9  ■'■ 

0,61 

4 

5 

4,95 

0,70 

4,95 

0,72 

4,95 

0,74 

4,94 

0,76 

5 

6 

5,94 

0,84 

5,94 

0,86 

5,93 

Oj89 

5,93 

0,91 

6 

7 

(^,93 

0,97 

6,93 

1,00 

6,92 

i>03 

6,92 

1,06 

7 

8 

7,92 

l,li 

7,92 

1,15 

7,9-t 

1,18 

7,91 

1,22 

8 

9 

8,91 

1,25 

8,91 

1,29 

8,90 

l>33 

8,90 

1,37 

9 

lo 

9,90 

r,39 

9,9c 

1,43 

9,89 

1,48 

9,88 

1,52 

10 

II 

10,89 

1,53 

10,89 

1,58 

10,88 

1,63 

10,87 

1,67 

II 

12 

11,88 

1.67 

11,88 

1,72 

11,87 

i»77 

11,86 

1,83 

12 

13 

12,87 

1,81 

12,87 

1,87 

1  12,86 

1,92 

12,85 

1,98 

13 

14 

13,86 

1,95 

13.86 

2,or 

13,85 

2,07 

13,84 

2,13 

14 

15 

14,85 

2,04 

14,85 

2,15 

14,84 

2,22 

14,83 

2,28 

IV 

i6 

15,84 

3,23 

15,84 

2,30 

15,82 

2,36 

15,81!  2,43 

16 

17 

16,83 

2,32 

16,83 

2,44 

16,81 

2,51 

16,80    2,59 

17 

i8 

17,82 

2,51 

17.81 

2,58 

17,80 

2,66 

17,79    2,74 

18 

19 

18,82 

2,64 

18,80 

2,73 

18,79 

2,81 

18,78    2,89 

19 

20 
21 

19,81 

20,80 

2,78 
,2,92 

19,79 
20.78 

2,87 
3,0^ 

19,78 
20,77 

2,96 

19,77    3,04 

20 

3>io 

20,76!  3,19 

21 

23 

21,79 

3,06 

21,77 

3,16 

21,76 

3,25 

21,74!  3i35 

22 

^3 

22,78 

3,20 

22,76 

3,30 

22,75 

3,40 

22,73 

3,50 

23 

24 

23,77 

3,34 

23,75 

3,44 

23,74 

3>55 

23,72 

3,65 

24 

5^5 

24,76 

3,48 

24,74 

3,59 

24,73 

3>70 

24,71 

3,80 

2S 

26 

25,75 

3,62 

25,73 

3,73 

25,71 

3,84 

25,70 

3,96 

26 

27 

26,74 

3,76 

26,72 

3,87 

26,70 

3,99 

26,69 

4,11 

27 

28 

?7.73 

3,90 

27,71 

4,02 

27,69 

4,14 

27,67 

4,26 

28 

29 

28,72 

4,04 

28,70 

4,16 

28,68 

4,29 

28,66 

4,41 

29 

30 
31 

2971 
30,7c 

4,18 
4,31 

29,69 
30,68 

4,30 
4,45 

29,67 
3o,<56 

4>43 

29A5 
30,64 

4^56 

30 

4,58 

4,72 

31 

3a 

31,69 

4,45 

31,67 

4,59 

31,65 

4,73 

31,63 

4,87 

32 

i    33 

32,68 

4,59 

32,6(; 

4,74 

32,64 

4.88 

32,62 

5,02 

33 

34 

33.67 

4,73 

33-M 

4,88 

33,63 

5,03 

33,^^: 

5,17 

34 

35 

34,66 

4,8? 

34,6.1 

5,02 

34,62 

5j^7 

34,59 

5,32 

35 

36 

35,65 

5,01 

35,(>3 

5,17 

35,60 

5,32 

35r5^ 

5,48 

36 

37 

36,64 

5,15 

36562 

5vli 

36,59 

5,47 

36,57 

5,63 

37 

38 

37,63 

5,29 

37,61 

5,45 

37,58 

5,62 

37,5t 

5,78 

38 

39 

38,6. 

5,43 

38,60 

5,60 

38,57 

5,76 

,38,5.^ 

:5,93 

39 

40 
41 

39,''i 

40,60 

5,5  7 
5,71 

39»59 

5,74 

39,56 

5,91 
6,06 

39 '^3 

6,oS 
6,24 

40 
41 

40,58 

5,88 

40,55 

40,52 

42 

41,59 

5,85 

41,57 

6,03 

41,54 

6,21 

41,51 

6,39 

42 

43 

42,58 

5-9'> 

42,56 

6,17 

42,53 

6,36 

42,50 

6,54 

43 

44 

43,57 

6,12 

43,54 

6,31 

43^2 

6^0 

43,49 

6,09 

44 

45 

44,56 

6,26 

44,53    6,46) 

4451 

6,65 

44,4<: 

6,85 

45 

46 

45,55 

6,40 

45,52 

6,60 

45,49 

6, So 

45*46 

7,00 

46 

47 

46,54 

6,54 

40,51 

6,74 

46,48 

6,95 

4t>,45 

7,15 

47 

48 

47i7",    6,68 

47,5c 

6,89 

47,47 

7,09 

47,44 

7, .10 

48 

1     ^'^ 

48,52    6,82 

48,49    7,03 

48,46 

7,24 

48,4.' 

7,45 

49 

p    5° 

a 

49,51    6,96 
Dep.    JLar. 

49,48    7,17 
Deji.    Lat. 
8l|Deg. 

49.45 
Dep. 

7,39 

49,42 

7,61 

50 

Lat. 
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d 
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8iiDeg.| 
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Deg.| 
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51 

8  Deg.  1 

H  Deg.  1 

8i  Deg.  1 

8^Deg.| 

9  1 

Ldt. 

Dep. 
7,10 

L,at. 

Dep. 

Lat. 
50,44 

Dep. 
7,54 

Lat. 
50,41 

Dep. 
7,76 

^■l. 

50,47 

7.32 

51 

5'^ 

?i>49 

7,24 

51,46 

7,46 

51.43 

7,69 

5t^39 

7,91 

52 

53 

^2,48 

7,38 

52,45 

7,61 

52,42 

7,83 

52,38 

8,06 

53 

54 

V3.47 

7,52 

53,44 

7.75 

53.41 

7,98 

53,37 

8,21 

54 

55 

94,46 

7,65 

54,43 

7,89 

54,4c 

8,13 

54,36 

8,37 

55 

^6 

99,46 

7,79 

55,42 

8,04 

55.38 

8,28 

55,35 

8,52 

56 

57 

96,45 

7,93 

56,411 

8,18 

56,37 

8,43 

56,34 

8,67 

57 

^8 

97.44 

8,07 

57.40 

8,32 

57.36 

8,57 

57,32 

8,82 

58 

59 

98,43 

8,21 

58,39 

8,47 

58.35 

8,72 

58,31 

8,98 

59 

60 
61 

59.42 
60,41 

8,35 
8,49 

59.38 

8,61 

59.34 
60,33 

8,87 
9,02 

59>30 
60,29 

9,13 
9,28 

60 

6r 

60,37 

8,75 

6z 

61,40 

8,63 

61,36 

8,90 

61,32 

9,16 

6i,a8 

9>43 

62 

61 

62,39 

8,77 

62,35 

9,04 

62,31 

9»3i 

62,27 

9»58 

63 

64 

63.3^ 

8,91 

63)34 

9,18 

63,30 

9,46 

63,26 

9»74 

64 

6? 

64,37 

9,05 

,^4.33 

9,33 

64,29 

9,61 

64,24 

9,89 

65 

' 

66 

65,36 

9,19 

65,32 

9,47 

65.28 

9,76 

65,23 

10,04 

66 

67 

66,35 

9,32 

66,31 

9,61 

66,26 

9,90 

66,22 

10,19 

67 

68 

67,34 

9.46 

67.30 

9.76 

67.25 

10,05 

67,21 

10,34 

68 

69 

68,33 

9,6c 

68,29 

9,90 

68,24 

10,20 

68,20 

10,50 

69 

70 

69,32 

9,74 
9,88 

69,28 

19.04 

69,23 

70,22 

10,35 
10,49 

69,19 

70,17 

10,65 

70 

71 

70,31 

70,27 

10,19 

10,80 

71 

7Z 

71,3c 

ro,o2 

71,25 

10,33 

Jl,2I 

10,64 

71,16 

10,95 

72 

73 

72,29 

ro,i6 

72,24 

10,47 

72,20 

10,79 

72,15 

11,10 

73 

74 

73,2^ 

10,30 

73,23 

10,62 

73,19 

ro,94 

73,14 

11,26 

74 

7'? 

74,27 

ro,44 

74,22 

10,76 

74,18 

11,09 

74,13 

11,41 

75 

76 

75.26 

10,58 

75,21 

10,91 

75.17 

11,23 

75,12 

11,56 

76 

77 

76,2j 

10,72 

76,20 

11.05 

76,15 

11,38 

76,10 

11,71 

77 

78 

77,24 

10,86 

77,19 

11,19 

77,14 

ii>53 

77,09 

ii»87 

78 

79 

^8,23 

10,99 

78,18 

11,34 

78,13 

11,68 

78,08 

12,02 

79 

80 
81 

79,22 
80,21 

11.13 

11,27 

79,17 
80,16 

11,48 
11,62 

79>12 
80,11 

11,82 
11,97 

79»o7 
80,06 

12,17 

8q 

12,32 

81 

8a 

8l,2C 

11,41 

81,15 

11,77 

8i,ic 

12,12 

81,05 

12,47 

82 

83 

82,19 

11,55 

82,14 

11,91 

82,09 

12,27 

82,03 

12^63 

83 

84 

83,18 

11,69 

83,13 

12,05 

83,08 

12,42 

83,02 

12,78 

84 

8^ 

84,17 

11,83 

84,12 

12,20 

84,07 

12,56 

84,01 

12,93 

85 

86 

85,16 

11,97 

85," 

I2v34 

89,06 

12,71 

85,00 

13,08 

86 

87 

86,ij 

12,11 

86,10 

12,48 

86,04 

12,86 

89,99 

13,23 

87 

88 

87,14 

12,25 

87,09 

12,63 

87,03 

13,01 

86,98 

13,39 

88 

89 

88,13 

12,39 

88,08 

12,77 

88,02 

13,16 

87,96 

13,54 

89 

90 
91 

89,12 
90,11 

12,53 
12,66 

89,07 
90,06 

12,91 
13,06 

89,01 
90,0c 

13,30 
13,45 

88,95 
89,94 

13,69 

90 

13,84 

91 

9Z 

91,10 

12,80 

91,05 

13,20 

90,99 

13,60 

90,93 

14,00 

92 

93 

92,09 

12,94 

92,04 

13.34 

91,98 

13,75 

91,92 

14,15 

93 

94 

93,09 

13.08 

93,03 

13,49 

92,97 

13,89 

92,91 

14,30 

94 

95 

94,08 

13,22 

94,02 

13,63 

93.96 

14,04 

93,89 

14,45 

95 

96 

95,07 

^3,36 

95.01 

13,78 

94,95 

14,19 

94,88 

14,60 

96 

97 

96,06 

13.50 

96,00 

13,92 

95,93 

14,34 

95,87 

I4r76 

97 

98 

97,05 

13,64 

96,99 

14,06 

96,92 

14,49 

96,86 

14,91 

98 

' 

99 

98,04 

13.78 

97,98 

14,21 

97,91 

14,63 

97,85 

15,06 

99 

100 

99.03 
Dep 

13.92 
Lat. 

98,97 

14,35 

98,90 

14,78 

98,84 
Dep. 

15,21 

Lat, 

100 

Q 

Dep. 

Lat. 

Dep. 

Lat. 

82  Deg. 

81:^  Deg. 

8  It  Deg. 

SitDeg. 

1 

i9 

T 

R  A  V  E  R  S  E 

TABLE. 

, 

I 

9  r>eg. 

9t  Deg. 

9i  Deg.  1 

9l  Deg. 

0 

I 

Lat. 
0,99 

Dep. 
0,16 

Lat. 

Dep. 

Lat. 

Dep, 

Lat. 

Dep. 

0,17 

0,99 

0,16 

0,99 

0,17 

0,99 

a 

1.9b 

0,31 

1,97 

0,32 

1,97 

0,33 

1,97 

o,-i4 

2 

3 

2,96 

0,47 

2,96 

0,48 

2,96 

0,50 

2,96 

0,51 

3 

4 

3.95 

0,63 

2„95 

0,64 

3,95 

0,66 

3,94 

0,68 

4 

J 

4,94 

o,7H 

4,93 

0,80 

4,93 

0,83 

4,93 

0,85 

S 

6 

5.93 

0,94 

5,92 

0,96 

5,92 

0,99 

5,91 

1,02 

6 

7 

6,91 

1,10 

6,91 

1,13 

6,90 

1,16 

6,90 

I,T9 

7 

8 

7,90 

1,25 

7,90 

1,29 

7,89 

1,32 

7,88 

1,35 

g 

9 

8,89 

1,41 

8,88 

1,45 

8,88 

i»49 

8,87 

l,';2 

,9 

lO  , 

ti 

9,88 
io78'6 

1,56 
1,72 

9,ii7 

1,61 

9,86 

1,65 
1,82 

9,86 

1,69 

10 
II 

19,86 

1,77 

10,85 

10,84 

1,86 

12 

11,85 

1,88 

11,84 

1,93 

11,84 

1,98 

11,83 

2,03 

12 

13 

12,84 

2,03 

12,83 

2,09 

12,82 

2,15 

12,81 

2,20 

13 

14 

i2,'>^Z 

2,19 

13,82 

2,25 

13,81 

2,31 

13,80 

2,37 

14 

15 

14,82 

2,35 

14,80 

2,41 

14,79 

2,48 

14,78 

2,54 

15 

l6 

15,80 

2,50 

15,79 

2,57 

15,78 

2,64 

15,77 

2,71 

16 

17 

16,79 

2,66 

16,78 

2,73 

16,77 

2,81 

16,75 

2,88 

17 

i8 

17,78 

2,82 

17,77 

2,§9 

17,75 

/2,97 

17,74 

3,05 

18 

19 

18,77 

2,97 

18,75 

3,05 

18,74 

3)14 

18,73 

3,22 

19 

20 
21 

19,75 
20,74 

3,13 

19,74 

20,73 

3,21 
3,38 

19,73 

3,30 

19,71 

3,39 

20 

21 

3,29 

20,71 

3>47 

20,70 

3,56 

22 

•ii,73 

3»44 

21,71 

3,54 

21,70 

3>63 

21,68 

3,73 

22 

a3 

22,72 

3,60 

22,70 

3,70 

22,68 

3,80 

22,67 

3,90 

23 

?i4 

23,70 

3,75 

23,69 

3,«6 

23,67 

3,96 

23,65 

4,06 

24 

25 

24,69 

3,91 

24,67 

4,02 

24,66 

4,13 

24,64 

4,23 

25 

26 

'-V,6B 

4,07 

25,66 

4,18 

25,64 

4,29 

25,62 

4,40 

26 

27 

26,67 

4,22 

26,65 

4,34 

26,63 

4,46 

26,61 

4,57 

27 

28 

27,66    4,3s 

27,64 

4'50 

27,62 

4,62 

27,60 

4,74 

28 

29 

28,64    4,54 

28,62 

4,66 

28,60 

4,79 

28,58 

4,91 

29 

30 

29,63    4,69 

29,61 
30,60 

4,82 
4,98 

29:59 
30,57 

4,95 

29,57 

5,08 
5,25 

30 
31 

31 

30,62    4,85 

5,12 

30,55 

3a 

31,61    5,ot 

3M8 

5,14 

31,56 

5,28 

31,54 

5,42 

32 

3i 

32,59s  5,16 

32,57 

5,30 

32,55 

5,45 

32,52 

5,59 

33 

34 

33,581  5,32 

33,56 

5,47 

33,52, 

5j6i 

33,51 

5,76 

34 

35 

34,57    5,48 

34,54 

5,63 

34,52 

5,78 

34,49 

5,93 

35 

36 

i5,5(^    SfiZ 

35,52 

5,79 

35j5I 

5>94 

35,48 

6,10 

36 

37 

3^(54 

5,79 

^6,52 

5,95 

36,49 

6,11 

36,47 

6,27 

37 

38 

r^,.t?, 

5.94 

37,51 

6,11 

37,4« 

6,27 

37,45 

6,44 

38 

39 

38,52 

6,10 

38,49 

6,27 

38,47 

6,44 

38,44 

6,60 

39 

40 
41 

39,51 

6,26 

39,48 

6,43 

39,45 
40,44 

6,60 

6,77 

39,42 

6,77 
6,94 

40 
41 

40,50 

6,41 

40,47 

6,59 

40,41 

42 

41,48 

6,5  7 

41,45 

6,75 

41,42 

6,92 

41,39 

7*11 

42 

43 

42,47 

6,73 

42,44 

6,91 

42,41 

7,10 

42,38 

7,28 

43 

44 

43,46 

6,88 

43,43 

7.C7 

43,40 

7,26 

43,36 

7,45 

44 

45 

44,45 

7,04 

44,41 

7,23 

44,38 

7,43 

44,35 

7,62 

45 

46 

45,43 

7,20 

45,40 

7,39 

45,37 

7)59 

45,34 

7,79 

46 

47 

46,45 

7,35 

46,39 

7,55 

46,36 

7,76 

46,32 

7,96 

47 

48 

47,41 

7,51 

47,38 

7,72 

47,34 

7,92 

47,31 

8,13 

48 

49 

48,4r 

7,67 

48,36 

7,88 

48,33 

8,09 

48,29 

8,30 

49 

50 

Q 

49,3^ 
Dcp 

7.82 
Lat. 

49.35 
Dep. 

8,04 
Lat. 

49,32 

8,25 

49,28 
Dep. 

8,47 
Lat. 

50 

d 

Dep.l  Lat. 

81  Deg.  1 

80^  Deg.  1 

8oi  Deg. 

80^ 

Deg. 

tRAVERSfi 

T  A  fe  L  E. 

20 

9  Peg.  1 

9t  Deg.  1 

9i  Deg. 

Lat.;  D'^p. 

9l  Deg.  i 

b  1 

51    1 

Lat. 

Dt-p. 

Lat, 

Dej). 

La'-. 
50j26 

51 

^0,3  7 

7,98 

50,34 

8,2a 

50,30!   8,42. 

ja 

?i,36 

8,13 

51,3a 

8,3<^ 

51,29!   8,58, 

51^25 

8,81 

52   i 

S3 

T2,35 

8,29 

5^,3^ 

^^52 

52,47;   8,75 

52>23 

8,9^^ 

'S3    '■ 

54 

'?3i34 

8,45 

53,30 

8,68 

53,26 

8,91 
9,08 

53,22 

9-,M 

54   : 

55 

?4,32 

8,6o| 

54,28 

8,84 

54,i5 

.^4,"i 

9i3I 

■S5    ' 

56 

';5v3i 

8,76 

55,27 

9,00 

55,23 

9,24 

5'^,;  9 

0^48 

.?6 

57 

56,30 

8,92 

56,26 

9,10 

56,22 

9i4l 

5f,iy 

9,^5 

57 

58 

57,29 

9,07 

57,25 

9,32 

57>2o 

9>57 

57,-'^ 

9,82 

58    1 

59 

58,27 

9,23 

58,23 

9,48 

58,19 

9.74 

s't-r^s 

9)99 

59 

60 

59,26 

9,54 

59,22 

9,64 

59.18 

9.9° 

5_9^i} 
60,12 

ic,i6 
io-,33 

60 
61 

61 

60,25 

60,21 

9,81 

60,16 

10,07 

6a 

61,24 

9,70 

61,19 

9,97 

61,15 

10,23 

61,16 

10,50 

62 

6.^ 

6%,22 

9,86 

62,18 

IO,T3 

62,14 

10,40 

62,09 

10,67 

63 

. 

64 

63,21 

10,01 

63,17 

10,29 

63,12 

10,56 

63,08 

10,84 

64 

6? 

64,20 

iO)i7 

64,15 

10,45 

64,11 

10,73 

64)06 

II)OI 

65 

66 

65,19 

10,32 

65,14 

ro,6i 

65,09 

10,89 

^5iOs 

11,18 

66 

67 

66,18 

10,48 

66,13 

10,77 

66,08 

II506 

66,03 

ii.,'?5 

67 

' 

68 

67,16 

10,64 

67,12 

10,93 

67,07 

11,22 

67,02 

11,52 

68 

69 

68,15 

10,79 

68,ic 

11,09 

68,05 

11)39 

68,0c 

11,69 

69 

70 
71 

69,14 

10,95 
ii,ii 

69,09 
70,08 

11,25 

69,04 

11,55 

68,99 

11,85 

70 

70,13 

11,41 

70,03 

II,- 2 

69,97 

i:,02 

71 

72 

71,11 

11,26 

71,06 

11,57 

71,01 

11,88 

70^96 

12,19 

72 

73 

72,10 

11,42 

72,05 

11,73 

72,00 

12>05 

71,95 

12,36 

73 

74 

73,09 

11,58 

73,04 

11,89 

72,99 

I2j2I 

72,93 

12,53 

74 

75 

74,08 

il-,73 

74,02 

12,06 

73,97 

12,38 

73,92 

I2„70 

75 

76 

75,06 

11,89 

75,01 

12,22 

74,96 

12,54 

74>9C 

12,87 

76 

77  : 

76.05 

12,05 

76,00 

12,38 

75,94 

12)71 

75*89 

13.04 

77 

78 

77,04 

12,20 

76,99 

12,54 

76,93 

12,87 

76,87 

13.21 

78 

79 

7  8,03 

12,36 

)7,97 

12,70 

77,92 

13,04 

77,86 

13.38 

79 

80 
81 

79,02 
8o>oo 

12,51 
12,67 

78,96 

12,86 

78,90 

13,20 

78584 
79,83 

i3-,55 
l3-,72 

80 
8i 

79=95 

13,02 

/'9>89 

I3j37 

82 

80,99 

12,83 

80,93 

13,18 

80,88 

13,53 

80,82 

13*89 

82 

«3 

81,98 

12,98 

81,92 

13,34 

81,86 

13,70 

81,80 

14,06 

83 

84 

82,97 

13,14 

82,91 

13,50 

82,8s 

13,86 

82,79 

14,23 

84 

85 

«3,95 

13,30' 

83,89 

13,66 

83,83 

14,03 

83,77 

14>39 

85 

86 

84,94 

13,45 

84,88 

13,82 

84,82 

14,19 

84,76 

14.56 

86 

B7 

85,93 

13,61 

85,87 

13,98 

85,81 

14,36 

85,74 

14,73 

87 

88 

86,92 

13,77 

86,86 

14,15 

86,79 

14,52 

86,73 

14,9c 

88 

89 

87,90 

13,92 

87,84 

14,31 

87,78 

14,69 

87,71 

15,07 

89 

90 

88,89 

14,08 

88,8314,47 

88,77 

14,85 

88,7c 

15,24 

90 
91 

91 

89,88 

14,24 

89,82 

14,63 

89,75 

15,02 

89,69 

15,41 

92 

90,87 

14,39 

90,80 

14,79 

90,74 

I5,X8 

90,67 

15,58 

92 

93 

91,86 

14,55 

91,79114,95 

91,72 

15,35 

9i,6( 

15,75 

93 

94 

92,84 

14,70 

92,78 

15,11 

92.71 

15,51 

92,64 

15,92 

94 

95 

93,83 

14,86 

93,76 

15,27 

93,7c 

15,68 

93,63 

16,09 

95 

96 

94,82 

15,02 

94,75 

15,43 

94,68 

15,84 

94,61 

16,26 

96 

97 

95.8) 

15,17 

95,74 

15,59 

95,67 

16,01 

95,60 

16,43 

97 

98 

96,79 

15,33 

96,73 

15,75 

96,66 

16,17 

96,5^ 

i6,6o 

98 

99 

97,78 

15,49 

97,71 

15,91 

97,64 

16,34 

97,57 

16,77 

99 

100 

98,77 
Dep 

15,64 

98:7c 

16,07 

98,63  16,50 
Dep.   Lat. 

98,5( 
Dep. 

16,93 
Lat. 

100 

Lat. 

Dep. 

Lat. 

81  Deg. 

8o4Deg. 

Sot  Deg. 

8ot  Deg. 
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TRAVERSE     TABLE. 


0 
I 

10  Deg.  1! 

JLat. 

Dcp. 

0,98 

0,17 

z 

i>97 

0,35 

3 

2,95 

0,52 

4 

3-94 

0,69 

5 

4,92 

0,87 

6 

5,91 

r,04 

7 

6,89 

1,22 

8 

7,88 

1,39 

9 

8,86 

1,56 

lO 

9,«5 

1,74 

U 

10,83 

1,91 

12 

11,82 

2,08 

1.3 

I2,8C 

2,26 

14 

13,79 

2,43 

15 

14,77 

2,60 

i6 

I5.7^J 

:i,78 

17 

16,74 

2,95 

i8 

17,73 

3,^3 

19 

18,71 

3>30 

20 

19,7c 

3,47 
3,65 

21 

20,68 

2  2 

2I,^'7 

3,82 

33 

22,6j 

3,99 

24 

23,64 

4,17 

2T 

24,62 

4,34 

26 

25,61 

4,51 

27 

26,59 

4,69 

28 

27.57 

4,86 

^9 

28,56 

5,04 

3° 

2954 

5,21 

31 

30,53 

5,38 

32 

3^,5^ 

5,56 

33 

32-50 

5,73 

34 

33,4!^ 

5,90 

35 

34,47 

6,08 

36 

35,45 

6,25 

37 

36,44 

6,42 

3« 

37,42 

6,60 

39 

3b',4i 

6,77 

40 

39,39|  6,95  •( 

41 

40,38 

7,12 

42 

41,36 

7,29 

43 

43,35 

7,47 

44 

43,33 

7,64 

4.5- 

44,32 

7,81 

46 

45,30 

7,99 

47 

46,29 

8,16 

48 

47,2- 

8,34 

49 

48,26 

8,51 

50 

49.24 
Dep. 

8,68 

Lat. 

P 

80  Deg.  II 

loi 

Deg. 

Laf. 

Dep. 

0,98 

0,18 

1,97 

0,36 

2,95 

0,53 

3,94 

0,71 

4,92 

0,89 

5,90 

1,07 

6,89 

1,25 

7,8; 

1,42 

8,86 

1,60 

9,84 

1,78 

10,82 

1,96 

11,81 

2,14 

12,79 

2,31 

13,7^ 

2,49 

14,76 

2,67 

15,74 

2,85 

16,73 

3,03 

17,71 

3,20 

18,7c 

3.38 

19,68 

3,56 

20,66 

3,74 

21,65 

3,91 

2t2,6j 

4,09 

23,6^. 

4,27 

24,60 

4>45 

25,59 

4,63 

26,57 

4,80 

27,55 

4,98 

28,54 

5,16 

29,52 

5,34 

30,51 

5,52 

31,49 

5,69 

32,47 

5,87 

33,46 

6,05 

34,44 

6,23 

35,43 

6,41 

36,41 

6,58 

37,39 

6,76 

3'^r3^ 

6,94 

39>3(' 

7,12 

40,35 

7,30 

41,33 

7,47 

42,31 

7.65 

43,30 

7,83 

44,2;^ 

8,01 

45,27 

8,19 

46,25 

B.36 

47,23 

8,54 

48,22 

8,72 

49,2c 

8,90 

Dep. 

l.at. 

79i 

r>^g- 

loiDen^. 


Lat. 

Dep. 

0,98 

0,18 

1,97 

0,36 

2,95 

c,5S 

3,93 

0,73 

4,92 

0,91 

5,90 

1,09 

6,88 

1,28 

7,87 

1,46 

8,8? 

1,64 

9,83 

1,82 

10,82 

2,00 

1 1, 8c 

2,19 

12,78 

2,37 

13,77 

2,55 

14.75 

2,73 

15,73 

2,92 

16,72 

3,10 

17,70 

-,28 

18,68 

3,.i6 

19,67 

3,64 

20,65 

3,^3 

21,63 

4,01 

22,61 

4,19 

23,60 

4,37 

24,58 

4,56 

25,56 

4,74 

26,55 

4,92 

27,53 

5,10 

28,51 

5,28 

29,50 

■  5,47 

30,48 

^,65 

31,46 

■  5>83 

32,4i 

6,01 

33,43 

6,20 

34,41 

6,38 

35,40 

6,56 

36,58 

6,74 

37,36 

6,92 

38,35 

7,11 

39^33 

7,2.9 

40,31 

7,47 

41,30 

7,65 

42,28 

7,84 

43.26 

8,02 

44.25 

8,20 

45,23 

8,38 

46,21 

8,57 

47,20 

8,75 

48,18 

8,93 

49,16 

9,11 

Dep. 

l.at. 

10^  Deg. 


Lat. 


0,98 
1,96 

2,95 
3,93 
4,91 
5,89 
6,88 
7,86 
8,84 
9,82 


ic,8i 
II, 7V 
12,77 
13,75 
14,74 
15,72 
16,70 
17,68 
18,67 
19^65 


Der 


0,19 
0,37 
0,56 
0,75 
Os^93 
1,12 

1,31 
1,49 
1,68 
1,87 


2,05 
2,24 
2,42 
2,61 
2,80 
2,98 
3,17 
3^36 
3>54 
3^73 


20,63 
21,61 
22,60 
23,58 

24,56, 
25>54| 
26,53: 
27j5IJ 
28,49, 
29,471 


3,92 
4,10 
4,29. 

4; 

4,66 
4,85 
5,04 
5,22 
5,41 
5,60 


30,46.  5,7 
31,441  5,97 
0^,4-" 
33>4o! 
3'!  ,39 


35,3.7 
36,35 
37,33 
38,32 
39,30 


j  4''', 28 
41,26 
42,25 
43,23 

I  44,21 

45, T9 

'46,18 

47,16 

48,14 

49,1: 

Dep. 


79iDeg. 


6,16 
6,34 
6,53 
6,71 

6,90 
7>09 
7)27 
7,46 


7,65 
7,83 
8,02 
8,21 

8,39 
8,58 
8,77 
8,95 
9,14 
9,33 
Lat. 


79t  Deg. 


3 
4 
5 
6 

7 
8 

9 

10 

II 
12 
13 
14 
15 
16 

17 
18 

19 

20 

21 
22 
23 
24 
25 
26 

27 
28 
29 

30 

31 
32 
33 
34 
35 
36 
37 
38 

39 

40 


41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

<ii 
Q 


s^ 


T  R  A  V  E 

R  S  E    • 

r  A  B  L  E.          22 

p 
51 

10  Deg. 

loi  Deg. 

loi  Deg. 

io|Deg.| 

0 
51 

Lir. 
50,23 

Dep. 
8,86 

i.at. 

Dep. 

Lat. 
50,J5 

Dep. 
9,29 

Lat. 
50,10 

Dep. 
9,51 

50,19 

9,08 

52 

51,21 

9.03 

51,17 

9,25 

51,13 

9,48 

51,09 

9,70 

52 

5i 

52,19 

9,20 

52,15 

9,43 

52,11 

9,66 

52,07 

9,89 

53 

54 

53,i« 

9.3« 

53,14 

9,61 

53.10 

9,84 

53,05 

10,07 

54 

55 

54,16 

9y55 

54,12 

9,79 

54,08 

10,02 

54,03 

10,26 

55 

56 

55,15 

9.72 

55,-^^ 

9,96 

55,06 

10,21 

55,02 

10,45 

56 

57 

56,13 

9,90 

56^9 

10,14 

56,05 

10,39 

56,00 

10,63 

57 

5>i 

57,12 

to,07 

57,07 

10,32 

57,P3 

10,57 

56,98 

10,82 

53 

59 

58,1c 

10,25 

'58,06 

10,50 

58,01 

10,75 

57,96 

11,00 

59 

60 
61 

59.09 
60,07 

10,42 
10,59 

59,04 

10,68 

59.0c 
59,9^ 

10,93 
11,12 

58,95 
59,93 

11,19 
11,38 

60 
61 

60,03 

10,85 

62 

61,06 

10,77 

61,01 

11,03 

60,96 

iij30 

60,91 

",56 

62 

6,^ 

62,04 

10,94 

61,99 

11,21 

61,95 

11,48 

61,89 

11,75 

63 

64 

63,03 

ri,ii 

62,98 

11.39 

62,93 

ri,66 

62,88 

11,94 

64 

65 

64,01 

11,29 

63,96 

11,57 

63.91 

11,85 

63,86 

12,12 

65 

66 

65,00 

11,46 

64,95 

11,74 

64,89 

12,03 

64,84 

12,31 

66 

67 

65,9« 

",63 

65,93 

11,92 

6^,88 

12,21 

65,82 

12,50 

67 

68 

66,97 

xi,8i 

66,91 

i2,ro 

66,86 

12,39 

66,81 

12,68 

68 

69 

67,95 

11,98 

67,90 

12,28 

67,84 

12,57 

67,79 

12,87 

69 

70 
71 

68,94 
69,9'^ 

C2,l6 

12,33 

68,88 

12,46 

68,83 
69,81 

12,76 
12,94 

68^7_7 
69,75 

13,06 

70 

69.87 

12,63 

13,24 

71 

72 

70,91 

12,50 

70,85 

12,81 

70,79 

13,12 

70,74 

13,43 

72 

73 

71,89 

12,68 

7i,«3 

12,99 

71,78 

13,30 

71,72 

13,62 

73 

74 

73,88 

12,85 

72,82 

13.17 

72,76 

13,49 

72,70 

13,80 

74 

75 

73M 

13/32 

73,«0 

13,35 

73,74 

13,67 

73,68 

13,99 

75 

76 

74,«5 

13,20 

74,79 

13,52 

74.73 

13,85 

74,67 

14,18 

76 

77 

75,^3 

13,37 

75,77 

13,70 

75.71 

14,03 

75,65 

14,36 

77 

7« 

76,82 

13,54 

76,76 

13,88 

76,69 

14,21 

76,63 

14,55 

78 

79 

77,«c 

13,72 

77,74 

14,06 

77,68 

14,40 

77,61 

14,74 

79 

80 
81 

78,7^ 
79.77 

I3.«9 

14,07 

7«,72 

14,24 

78,66 

79.64 

14,58 
14,76 

78,60 
79,58 

14,92 

80 

79,71 

14,41 

15,11 

81 

82 

80,7^ 

14,24 

80,69 

14,59 

80,63 

14,94 

80,56 

15,29 

82 

«3 

81,74 

14,41 

8i,6& 

14.77 

81,61 

i.?,i3 

81,54 

15,48 

83 

«4 

82,72 

M.59 

8:,66 

U,95 

82,59 

15,31 

82,53 

15,67 

84 

«5 

«3  7i 

14,76 

83,64 

^.),^3 

83,5!^ 

15,49 

83,51 

15,85 

85 

86 

84,69 

14,93 

84,6^, 

t5,30 

84,56 

15,67 

84,49 

i6,Q4 

86 

87 

8j,68 

15,11 

85,61 

f5,48 

85,54 

15,85 

8^,47 

16,23 

87 

88 

86,66 

15,28 

86,60 

15,66 

86,53 

16,04 

86,46 

16,41 

88 

89 

«7,65 

15,45 

87,5^ 

15,84 

87,51 

t6,22 

87,44 

16,60 

89 

90 
91 

88.63 
89,62 

15.63 
15,80 

88,56 
89,55 

i6,oi 
16,19 

88,49 
89,4s 

16,40 
16,58 

88,42 

16,79 

90 
91 

89,40 

16,97 

92 

90,60 

I5,9« 

90,53 

16,37 

90,46 

16,77 

90,39 

17,16 

92 

93 

91,59 

16,15 

91,52 

16,55 

91,44 

16,95 

91,37 

17,35 

93 

94 

92,57 

16,32 

92,50 

16,73 

92,43 

17,13 

92,35 

17,53 

94 

95 

93-5^ 

16,^0 

93,48 

16,90 

93-41 

17,31 

93,33 

17,72 

95 

96 

94,54 

16,67 

94,47 

17,08 

94,39 

17,49 

94,32 

17,91 

96 

97 

95,53 

16,84 

95,45 

17,26 

95,3!^ 

17,68 

95,30 

18,09 

97 

98 

96,51 

17,02 

96,44 

17,44 

96,36 

17,86 

96,28 

18,28 

98 

99 

97.50 

17,19 

97.42 

17,62 

97,34 

18,04 

97,26 

18,47 

99 

100 

98,48 
Dep 

17,36 
Lat. 

98,40 

17,79 

98,33 

18,22 

98,25 

18,65 
Lat. 

100 

Dtp. 

l/.it. 

Dep. 

Lat. 

Dep. 

80  Beg.  1 

79-1-  I^eg.  1 

yoiDeg.l 

79t  E)eg. 

"■ ■ ^ ■ r-sr-^^nrrr^ ^^=^.' 

} 

a3 


TRAVERSE    TABLfi. 


iiDeg.  I 

iiiDeg. 

iitDeg.l 

1 1|  Deg.  1 

I 

Lat, 
0,98 

Dep. 
0,19 

Lat.    Dep. 

Lat. 

Dep. 

0,20 

Lat. 

Dep. 

0,20 

0,98 

0,20 

0,98 

0,98 

a 

1,96 

0,38 

1,96 

0,39 

1,96 

0,40 

1,96 

0,41 

a 

3 

i,94 

0,57 

2,94 

0,59 

2,94 

Oj6o 

2,94 

0,61 

3 

4 

3.93 

0,76 

3,92 

0,78 

3,92 

0,80 

3,92 

0,82 

4 

J 

4,91 

0,95 

4,90 

0,98 

4,90 

1,00 

4,90 

1,02 

5 

6 

5.89 

1,14 

5,88 

1,17 

V,88 

1,20 

5,87 

1,22 

6 

7 

6,87 

1,34 

6,87 

ii37 

6,86 

-l)40 

6,85 

1,43 

7 

8 

7,83 

^,53 

7,85 

1,56 

7,84 

^^59\ 

7,83 

1,63 

8 

9 

8.83 

1,72 

8.83 

1,76 

8,82 

i>79 

8,gi 

1,83 

9 

10 

9,8a 

1,91 

9,81 

1,95 

9,80 

i'99 
2,19 

9,79 

2,04 

10 
II 

II 

ro,8o 

2,10 

10,79 

2,15 

10,78 

10,77 

2,24 

IZ 

11,78 

2,29 

11,77 

2,34 

11,76 

2^39 

il:.75 

2,44 

12 

I.? 

12,76 

2,48 

12,75 

a,54 

12,74 

2,59 

12,73 

2,65 

13 

14 

13,74 

2,67 

13,73 

2,73 

13,72 

2»79 

I3>7i 

2,85 

14 

15 

14,72 

2,86 

14,71 

2,93 

14,70 

2,99 

14,69 

3,06 

15 

l6 

15,71 

3,05 

15,69 

3,12 

15,68 

3,19 

15,66 

3,26 

16 

17 

16,69 

3,24 

16,67 

3,32 

16,66 

3,39 

16,64 

3,46 

17 

18 

17,67 

3»43 

17,65 

3,51 

17,64 

3,59 

17*62 

3,66 

18 

19 

18,65 

3,63 

18,63 

3,71 

18,62 

3,79 

18,60 

3,87 

19 

20 
21 

19.63; 

3,82 

19,62 

30,60 

3,90 
4,10 

19,60 

3,99 

19)58 

4,07 

ao 
21 

20,61 

4,01 

20,58 

4,19 

20,56 

4,28 

12 

21,60 

22j8 

4,20 

21,58 

4,29 

21,56 

4,39 

21,54 

4,48 

aa 

*3 

4,39 

22,56 

4,49 

22,54 

4,59 

22,52 

4,68 

23 

44 

23,56 

4>5« 

23,54 

4,68 

23,52 

4,78 

23,50 

4,89 

24 

»i 

24,54 

4,77 

24,52 

4,88 

24,50 

4j98 

24,48 

5,09 

25 

26 

^5,S2 

4,96 

25,50 

5,07 

25,48 

5,18 

25*46 

5,30 

26 

47 

26,50 

5,^5 

26,48 

5.27 

26,46 

5j38 

26,43 

5,50 

27 

28 

27,49 

5,34 

27,46 

5,46 

27,44 

5,58 

27,41 

5,70 

28    1 

29 

28,47 

SrSS 

28,44 

5,66 

28,42 

5,78 

28,39 

5,91 

29 

30 
31 

29.45 

30,43 

5,72 
5,92 

29,42 
30,40 

5,^5 

29,40 
30,38 

5,98 

29*37 

6,11 
6,31 

30 
31 

6,05 

6,18 

30,35 

3^ 

31,41 

6,11 

31,39 

6,24 

31,36 

6,38 

31,33 

6,52 

32 

33 

32,39 

6,30 

32,37 

6,44 

32,34 

6^58 

32,31 

6,72 

33 

34 

33,38 

6,49 

33,35 

6,63 

33,32 

6,78 

33,29 

6,92 

34 

35 

34,36 

6,68 

34,3.3 

6,83 

34,30 

6,98 

34,27 

7,13 

35 

36 

35,34 

6,87 

35,31 

7,02 

3S,^>i 

7,18 

35,25 

7,33 

36 

37 

36,32 

7,06 

36,29 

7,23 

36,26 

7,38 

30,22 

7*53 

37 

3B 

37,30 

7,25 

37,27 

7,41 

37,24 

7»58 

37,20 

7*74 

38 

39 

38,28 

7,44 

3«,25 

7,61 

38,22 

7»78 

38*18 

7,94 

39 

40 
41 

39,27 

7,63 

39,23 

7,80 
8,00 

39,20 
40,18 

7,97 
8,i"7 

39,16 

8,15 

40 
41 

40,25 

7,82 

40,21 

40,14 

8,35 

42 

41,23 

8,0 1 

41,19 

8,19 

41,16 

8,37 

41,12 

8,55 

42 

43 

42,21 

8,20 

{42,17 

8,39 

42,14 

8,57 

42,10 

8,76 

43 

44 

43,19 

8,4a 

43,15 

8,58 

43,12 

8,77 

43,08 

8*96 

44 

45 

44,17 

8,59 

44,14 

8,78 

44,10 

8,97 

44^06 

9,16 

45 

46 

45,15 

8,78 

45,12 

9,97 

45,08 

9,17 

45,04 

9»37 

46 

47 

46,14 

8,97 

46,10 

9.17 

46,06 

9,37 

46,02 

9*57 

47 

48 

47,12 

9,16 

47,08 

9,36 

47,04 

9i57 

46,99 

9)78 

48 

49 

48,10 

9,35 

48,06 

9,56 

48,02 

9*77 

47,97 

9,98 

49 

50 

P 

49,08 
Dep 

9,54 
Lat. 

49,04 
Dep. 

9,75 
Lat. 

49,00 

9i97 

48^95 
Dep. 

10,18 

50 

Dep 

Lat. 

Lat. 

79  I)eg. 

78iDeg. 

78iDeg. 

78-  Deg. 

T  R  A 

,y  I 

',  R  S  E 

T  A 

B  L  E. 

»4 

d 

II  Deg,  j 

I.  -Deg, 
Lat.  i  Dep. 

iii-Oeg; 

ii^Deg.] 

: ... 

p 

Lat. 

D.p, 

Lat.    Dep. 

Lat. 
49,93 

Dep. 
1-^39 

5i 

50,06 

^9.73 

50,03    9,95  j 

4998110,17 

J» 

51.04 

9.92 

51,00 

10,14 

50,96  10,37 

50,91 

I  -^,59 

52 

53 

5a>03 

10,11 

51,98 

!o,34 

51,9410,57 

51,8.; 

10^79 

53 

54 

53,01 

10,30 

52,96 

10,53 

52,92 

10,77 

52,8- 

11,00 

54 

55 

53.99 

10,49 

53,94 

10,73 

53.90 

10,97 

53,^.^ 

11,20 

55 

56 

54,97 

10,69 

54,92 

10,93 

54,88 

riii6 

54,83 

11,40 

56 

57 

^5,95 

io»88 

55,90 

11,12 

55,86 

1I736 

55,81 

11,61 

57 

58 

56,93 

11,07 

56,89 

11.32 

56,84 

i!j56 

56,78 

It, 81 

58 

59 

^7,92 

11,26 

57,87 

11.51 

57,82 

iij76 

57,76 

12,01 

59 

60 

58,9'-' 

ir»45 
11,64 

58,85 

11,71 

58,8c 
59-78 

11,96 
13,16 

58,74 
59,72 

12,22 

6a 
"67" 

61 

V9,88 

59,83 

11,90 

12,42 

63 

60,86 

11,83 

60,81 

I2jIO 

60,7  < 

12,36 

6oj70 

12,63 

62 

63 

61,84 

12,03 

61,79 

13,39 

61,74 

12,56 

6ij68 

12,83 

63 

64 

62,82 

12,21 

62,77 

12,49 

63,72 

12,76 

62,66 

r^-to:-, 

64 

05 

63.81 

12,40 

63,75 

12,68 

63.70 

12,96 

63,64 

13,34 

65 

66 

64.79 

12,59 

64,73 

t2,88 

64,68 

13,16 

64,62 

I3M4 

66 

67 

65.77 

12,78 

65,71 

13,07 

65,66 

13*36 

65,6c 

13J64 

67 

68 

66,7^ 

12,98 

66,69 

13527 

66,63 

i3>56 

66,58 

13,85 

68 

6q 

67,73 

13,17 

67.67 

13*46 

67,61 

13*76 

67*55 

14,05 

6q 

70 
71 

68,71 

13.36 

68,66 
69,64 

13,66 
13,85 

68,59 

13596 
14,16 

68,53 

14^25 
14,46 

70 
71 

69,70 

^3,55 

69,57 

69^51 

7a 

70,68 

13,74 

70,62 

14.05 

70,55 

I4>35 

70J49 

14,66 

73 

73 

71,66 

13.93 

71,60 

14,24 

71,53 

14,55 

71,4/ 

!4,87 

7.3 

74 

72,64 

14,12 

72,58 

14,44 

72,51 

14,75 

72,45 

15,07 

74 

75 

73,62 

14,31 

73,56 

14,63 

73,49 

14,95 

73,43 

15,27 

75 

76 

74,60 

14.50 

74,54 

1 4,8  3 

74,47 

I5>I5 

74^4! 

15,48 

76 

77 

75,59 

14,69 

75.52 

15,02 

75,45 

15535 

75i39 

15,68 

77 

7ii 

76,57 

14,88 

76,50 

15,22 

76,43 

15»55 

76;3: 

15,88 

78 

79 

77.55 

15,07 

77,48 

15,41 

77*41 

15^75 

77,34 

16,09 

79 

80 
81 

78,53 
79.51 

15,26 
15,46 

78,46 

15.61 

78,39 

15^95 

78_^2 
79^30 

16,29 
x6j49 

80 
81 

79,44 

15,80 

79-37 

16^15 

8z 

80,49 

15,65 

80,42 

i6jOO 

80,35 

l6j35 

80^28 

i6j70 

83 

83 

81,48 

15,84 

81,41 

16,19 

.  81533 

i6j55 

81,26 

16^90 

83 

84 

82,46 

16,03 

82,39 

i6i39 

82,31 

16^75 

82,2^ 

17,11 

84 

8v 

S3, 44 

16,22 

83,37 

16,58 

83,29 

l6,-95 

83,22 

17*31 

85 

86 

84,42 

16,41 

84,35 

16,78 

84,27 

i7j15 

84,20 

17,51 

86 

87 

85,40 

1 6,6c 

85,33 

16,97 

85,25 

17^35 

85,18 

17,72 

87 

83 

86,38 

x6,79 

86,31 

17.17 

86,23 

17<54 

86, 1  ^ 

t7j92 

88 

89 

87,36 

16,98 

87,29 

17,36 

87,21 

1/574 

87,1.^ 

18,12 

89 

90 
91 

88,35 
89,33 

17,17 

88,27:17,56  j 

88,19 
89,1; 

I7»94 

I", 14 

88,15 
89,0; 

!8,33 
18,53 

90 
91 

I7.3<^ 

89,25!!  7,7.-' 

9  a 

90,31 

17,55 

90,23!!  7.-95 

90,15 

18,34 

90^07 

1-8,74 

92 

93 

91,29 

17,75 

9J,ziiT8,i4 

91.13 

18,54 

91,0.^ 

!8,9-; 

93 

94 

92,27 

17,94 

92,19 

18,34 

92,11 

i8j-74 

92,03 

19,14 

94 

i    95 

93,25 

x8,i3 

93,17 

18,53 

93,09 

18,94 

93,01 

I9j35 

95 

96 

94,24 

18,32 

94,16 

!8,73 

94*07 

19,14 

93,99 

19*55 

96 

97 

95.22 

18,51 

95,!4 

18,92 

95,05 

19*34 

94,9/ 

19,75 

97 

98 

96,20 

18,70. 

96,13 

19,12 

96,03 

19'54 

{95,95 

19,96 

98 

99 

97,18 

18,89 

97,!'- 

19,3! 

97,01 

19574 

90,93}3o,i6 

99 

100 

98,16 

Dcp. 

19,08 

980 
Dcp 

i9.>:i 
Lat. 

97,99ii9'94 

97,9^120,36 
t);!>  1  Lac 

ICO 

Lat. 

D.p  !  Lai. 

79  E>eg. 

78:1  Deg. 

78iDeg. 

78t  Deg. 

( 

Jr 

2? 

T 

RAVE 

R  S 

E 

r  A  B  L  E. 

.. 

i. 

0 

1 2  Deg.  j 

iziDeg.j 

I2t 

Deg. 

124  Deg. 

0 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 
0,98 

Dep. 

Lat. 

Dep. 

I 

0,98 

0,21 

0,98 

0,21 

0,22 

0,98 

0,22 

I 

a 

1,96 

o,;2 

1,9-^ 

0,42 

J. 95 

0,43 

1,95 

0,44 

2 

.3 

2,9"^ 

0,62 

2,9;, 

0,64 

2,93 

0,65 

2,93 

0,66 

3 

4 

3>9i 

0,8.3 

3,91 

0,85 

3,91 

0,87 

3,90 

0,88 

4 

5 

4,89 

1,04 

4,80 

1,06 

4,88 

i,oS 

4,88 

1,10 

5 

/     6 

5,87 

1,25 

5,«6 

1,27 

sM 

i>30 

5,85 

1,32 

6 

7 

6,85 

1,46 

6,84 

1,49 

6,83 

1,52 

6,83 

1,54 

7 

8 

7.«3 

1,66 

7,«^- 

1,70 

7,81 

1,73 

7,8c 

1,77 

8 

9 

'  8,80 

1,87 

8,8c 

1,91 

»,79 

1,95 

8,78 

1,99 

9 

lO 

•9.78 

2,08 

9,77 

2,12 

9,76 

2,16 
2,38 

9,75 

2,21 
2,43 

10 
II 

II 

10,76 

2,29 

io,7f 

2,33 

10,74 

10,73 

la 

11,74 

2,49 

",73 

2,55 

11,72 

2,60 

11,7c 

2,65 

12 

13 

T2,72 

2,70 

12,7c 

2,76 

12,69 

2,81 

12,6- 

2,87 

13 

14 

13.69 

2,91 

13,68 

2,97 

13,67 

3,03 

13,65 

3,09 

14 

15 

14,67 

3.12 

14,66 

3,^8 

14,64 

3>25 

14,6;, 

-^,31 

15 

i6 

'iSy'yS 

3»33 

15,64 

3,39 

15,62 

3,46 

15,61 

3,53 

16 

17 

16,63 

3,53 

16,61 

3,61 

16,60 

3,68 

16,58 

3,75 

17 

i8 

17,61 

3,74 

17,59 

3,«2 

17,57 

3,9° 

17,56 

3,97 

18 

19 

18,58 

3,95 

18,57 

4,03 

18,55 

4,11 

18,53 

4,19 

19 

20 
ZX 

19,56 
20^4 

4,16 
4,37 

I9»54 

4,24 

19,53 
20,50 

4,33 

I9'5i 

4,41 

20 
21 

20,52 

4,46 

4,55 

20,48 

4,63 

32 

21,52 

4,57 

21,50 

4,67 

21,48 

4,76 

21,46 

4,86 

22 

'23 

»2,50 

4,7« 

22,48 

4,88 

22,45 

4,98 

22,43 

5,08 

23 

24 

23,48 

4,99 

23,45 

5,09 

23,43 

5,19 

23,41 

5,30 

24 

•  25 

24,45 

5,20 

24,43 

5,30 

24,41 

5,41 

24,38 

'r,T2 

25 

26 

25,43 

5,41 

25,41 

5,52 

25 ,3  « 

5>63 

25,36 

5,74 

26 

27 

26,41 

5,61 

26,39 

5,73 

26,36 

5,84 

26,33 

^,96 

27 

28 

27s39 

5,82 

27,36 

5,94 

27,34 

6506 

27,31 

6,18 

28 

29 

28,37 

6,03 

28,34 

6,15 

28,31 

6,28 

28,28!  6,40 

29 

30 
31 

2934 
30,32 

6,24 
6,45 

29,32 
30,29 

6,37 

29,29 

6,49 

29,26 
30,24 

6,62 

30 

6,58 

30,27 

6,71 

6,84 

31 

32 

31,30 

6,65 

31,27 

6,79 

31,24 

6,93 

31,21    7,06 

32 

33 

32,28 

6,86 

32,25 

7,00 

32,22 

7, £4 

32,19,  7,28 

33 

34 

33,2t 

7,07 

33,23 

7,21 

33,19 

7,36 

33,16    7,50 

34 

35 

34,24 

7,28 

34,20 

7,43 

34,17 

7,58 

34,14    7,72 

35 

36 

35,21 

7.48- 

35,i« 

7,64 

35,15 

7,79 

35,^^:  7,95 

36 

37 

36,19 

7,69 

36,16 

7,85 

36,12 

8,01 

36,09;  8,17 

37 

38 

37,17 

7,90 

1  37,13 

8,06 

37,10 

8,22 

37>o6 

8,39 

38 

39 

38,15 

8,11 

3^,11 

8,27 

38,08 

8,44 

38,04 

8,61 

39 

40 

39y'^?> 

8,32 

39,09 

8,49 

39,05 

8,66 

39''Oi 

8,83 

40 
41 

41 

40,10 

8,52 

40,07 

8,70 

40,03 

8,87 

39,99 

9,05 

42 

41,08 

8,73 

41,04 

8,91 

41,00 

9,09 

40,96 

9,27 

42 

43 

42,06 

8,94 

42,02 

9,12 

41,98 

9,31 

41,94 

9»49 

43 

44 

43,04 

9,15 

43,00 

9s34 

42,96 

9>52 

42,92 

9,71 

44 

45 

44,02 

9,36 

43,98 

9^55 

43,93 

9>74 

43,89 

9,93 

45 

46 

44,99 

9,56 

44,95 

9'76 

44,91 

9,96 

44,87 

10,15 

46 

47 

45,97 

9,77 

45,93 

9,97 

45,89 

10,17 

45,84 

ro,37 

47 

48 

46,95 

9,98 

46,91 

Jo,i8 

46,86 

10,39 

46,82 

10,59 

48 

49 

47,93 

10,19 

47,88 

10,40 

47,84 

10,61 

47,79 

10,81 

49 

50 



48,91 
Dep. 

10.40 

48,86 

10,61 

48,81 
Dep. 

10,82 
Lat. 

48,77 
Dep. 

11,03 
Lat. 

50 

• 

Q 

Lat. 

Dep. 

Lat. 

78  Dcg. 

77|I>eg.' 

77i 

Deg. 

77t  Deg, 

: 

t 

T  R  A  V  ERSE    IT  A  B  L  E. 

26 

1 

r 

0 

5= 

12  Deg.  1 

i2tDeg.| 

i2iDeg.j 

i2|Deg.| 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

51 

49.89 

jo,6o 

49,84 

10,82 

49,79 

11,04 

49,74 

11,26 

51 

.Ta 

50,86 

10,81 

50,82 

11,03 

50,77 

11)25 

50,72 

11,48 

52 

53 

^1,84 

Jl,OZ 

51,79 

11,25 

51,74 

II547 

s5l,69 

11,70 

53    1 

54 

^2,82 

ii,a3 

52.77 

11,46 

52,72 

11,69 

52,67 

11,92 

54 

5S 

^3,80 

11,44 

53,75 

11,67 

53,70 

ir,9ol 

53,64 

12,14 

55 

56 

54>78 

11,64 

54,72 

11,88 

54,67 

12,12 

54,62 

12,36 

56 

57 

')5.75 

11,85 

55,70 

12,09 

55,65 

12,34 

55,59 

12,58 

57 

58 

56,73 

12,06 

56,68 

12,31 

56,63 

r2>55 

56,57 

12,8o 

58 

59 

57.71 

12,27 

57,66 

12,52 

57,60 

12,77 

57,55 

13,02 

59 

60 
61 

58,69 
T9,67 

12,47 
12,68 

58,63 
59>6l 

12,73 
12,94 

58,58 

12,99 

58,52 
59,50 

13,24 
13,46 

60 
61 

59,55 

13,20 

6z 

60,65 

12,89 

60,59 

I3,i6 

60,53 

13,42 

60,47 

13,68 

6a 

63 

61,62 

13,10 

61,57 

13,37 

61,51 

13,64 

61,45 

13,90 

63 

64 

62,60 

13,31 

62,54 

13,58 

62,48 

13,85 

62,42 

14,12 

64 

65 

63,5^ 

13,51 

63,52 

13,79 

63,46 

14,07 

63,40 

14,35 

65 

66 

64,56 

13,72 

64,50 

14,00 

64;.- 4 

14,29 

64,37 

14,57 

66 

67 

65,54 

13,93 

65,47 

14,22 

65,41 

14,50 

65,35 

14,79 

67 

68 

66,51 

14,14 

66,45 

14,43 

66,39 

14,72 

66,32 

15,01 

68 

69 

67,49 

14,35 

67,43 

14,64 

67,36 

14,93 

67,30 

15,23 

69 

70 

71 

68,47 
69,45 

14,55 
14,76 

68,41 

14,85 

68,34 

15,15 

68,27 
69,25 

15,45 
15,67 

70 
71 

69,38 

15,06 

69,32 

15,37 

7a 

70,43 

14,97 

70,36 

15,28 

70,29 

15,58 

70,22 

15,89 

72 

73 

71,40 

15,18 

71,34 

15,49 

71,27 

15,80 

71,20 

16,11 

73 

74 

72,38 

15,39 

72,32 

15,70 

72,25 

16,02 

72,18 

16,33 

74 

75 

73,36 

15,59 

73»29 

15,9? 

73,22 

16,23 

73,15 

I6j55 

75 

: 

76 

74,34 

15,80 

74,27 

16,13 

74,20 

i6»45 

74,13 

16,77 

76 

77 

75,3* 

i6,oi 

75,25 

16,34 

75,17 

16,67 

75,10 

16,99 

77 

7« 

76,30 

16,22 

76,22 

16,55 

76,15 

16,88 

76,08 

17,21 

78 

79 

77,^7 

16,43 

77,20 

16,76 

77,13 

17,10 

77,05 

17,44 

79 

80 
81 

78,25 

16,63 

78,18 
79,16 

16,97 
17,19 

78,10 
79,08 

17,32 
17,53 

78,03 
79,00 

17,66 

80 

79,*3 

16,84 

17,88 

81 

; 

8z 

80,21 

17,05 

8o,T3 

17,40 

80,06 

17,75 

79,98 

18,10 

82 

. 

«3 

81,19 

17,26 

81,11 

I7,6i 

81,03 

17,96 

80,95 

18,32 

83 

, 

84 

82,16 

17,46 

82,09 

17,82 

82,01 

18,18 

81,93 

18,54 

84 

i 

«5 

83,14 

17,67 

83,06 

18,04 

82,99 

18,40 

82,90 

18,76 

85 

i 

86 

84,12 

17.88 

84,04 

18,25 

83,96 

18,61 

83,88 

18,98 

86 

87 

85,10 

18,09 

85,02 

18,46 

84,94 

18,83 

84,85 

19,20 

87 

88- 

86,08 

18,30 

86,co 

18,67 

85,9^ 

19,05 

8  c, 83 

19,42 

88 

89 

87,06 

18,50 

86,97 

18,88 

86,89 

19,26 

86,81 

19,64 

89 

90 

88,03 

18,71 

87,95 

19,10 

87,87 

19,48 

87,78 

19,86 

90 

:  ^^ 

89,01 

18,92 

88,93 

19,31 

88,84 

19,70 

88,76 

20,08 

91 

92 

89,99 

19,13 

89,91 

19,52 

89,82 

19,91 

89,73 

20,30 

92 

93 

90,97 

19,34 

90,88 

19,73 

90,80 

20,13 

90,71 

20,52 

93 

94 

91,95 

19,54 

91,86 

19,94 

91,77 

20,35 

91,68 

20,75 

94 

95 

92,9a 

19,75 

92,84 

20,16 

92,75 

20,56 

92,66 

20,97 

95 

96 

93,90 

19,96 

93.81 

20,37 

93,72 

20,78 

93,63 

21,19 

96 

97 

94,88 

20,17 

94,79 

20,58 

94,70 

20,99 

94,61 

21,41 

97 

98 

95,86 

20,38 

95,77 

20,79 

95,68 

21,21 

95,58 

21,63 

98 

i 

99 

96,84 

20,58 

96,75 

21,01 

96,65 

2i»43 

96,56 

21,85 

99 

': 

1 100 

97.81 
Dep 

20,79 
Lat. 

97,72 
Dep. 

21,22 
Lat. 

97,63 

21,64 

97,53 

22,07 
Lat. 

100 

Dep 

Lat. 

Dep. 

78  Deg. 

77|Deg. 

77i  Deg. 

77t  Deg. 

i 

27 

T  R  A  V  E  R 

S  E 

T  A  B  L  E. 

jl' 

0 

13  Deg. 

i3tDeg. 

1 3i:  Deg. 

1 3I  I^eg: 

I 

P 

Lat. 

0,9; 

Dep. 

0,23 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep 

0,24 

I 

0,97 

0,23 

0,97 

Oj23 

0,97 

% 

1,95 

0,45 

1,95 

0,46 

1,95 

0,47 

1,94 

0,4.8 

2 

3 

2,92 

0,67 

2,92 

0,69 

2,92 

0,70 

2,91 

0,71 

3 

4 

3,90 

0,90 

3,89 

0,92 

3.89 

0,93 

.^■,89 

0,95 

4 

5 

4,«7 

1,12 

4,87 

I.15 

4,86 

ItI? 

4,6.;  1,19 

5 

; 

6 

5,^5 

1,35 

5,84 

1,38 

5,^^ 

1,40 

5,83 

1,43 

6 

7 

6,82 

^yS7 

6,81 

1,60 

6,81 

i>63 

6,80 

1,66 

7 

' 

8^ 

7*«o 

1,80 

7,79 

1,83 

7,78 

1,87 

7»77 

1,90 

8 

' 

9 

«,77 

2,02 

8,76 

2,06 

8,75 

2,10 

8,74 

2,14 

9 

■ 

lo 

9.74 

2,25 

9,73 

2,29 

9.73 

2,33 
3,57 

9,71 

3,38 

10 

■ 

II 

10,72 

3,47 

10,71 

3,52 

10,70 

10,60 

2,61 

II 

12 

13 

11,69 

2,70 

11,68 

3,75 

11,67 

2,80 

11.66 

3,8^ 

12 

12,67 

2,92 

12,65 

2,98 

12,64 

3,03 

12,6.^ 

3,09 

13 

14 

13=64 

2,^5 

13.63 

3,31 

13,61 

3,27 

13,60 

3,33 

14 

15 

14,62 

3.37 

14,60 

3,44 

14.59 

3,50 

14,57 

3rW 

15 

l6 

15,59 

360 

15,57 

3.67 

15.56 

3j74 

15*54 

3,80 

i6 

17 

16,57 

3,^3 

16,55 

3.90 

16,53 

3,97 

16,51 

4,04 

17 

i8 

17.54 

4,05 

17,52 

4.13 

17.50 

4,20 

17,48 

4,38|   1-8 

19 

18,51 

4.37 

18,49 

4,35 

18,48 

4,44 

18,46 

4,53 

19 

20 
21 

19.49 

4,50 

I9»47 

4,58 

19,45 

4,67 

19,43 

4,75 

20 
21 

20,46 

4,72 

30,44 

4,81 

20,42 

:  4r90 

20,40 

4,99 

22 

21,44- 

4,95 

21,41 

5,04 

31,39 

5,14 

31,37 

5,33 

22 

1    ^3 

22,41 

5.17 

33,39 

5r27 

22,36 

5,37 

33,34 

5,47 

33 

34 

23.3  « 

5,40 

33,36 

5,50 

23>34 

5,60 

33,31 

5,70 

24 

35 

34,36 

5,62 

24,33 

5,73 

34,31 

5,84 

24,28 

5.94 

3S- 

26 

25.33 

5,85 

35.31 

5t96 

25,38 

6,07 

35,25 

6,18 

26 

27 

26,3ij  6,07 

26,28 

6,19 

26,25 

6,30 

26,23 

6,42 

37, 

28 

27.28J  6,30 

3  75'35 

6^2 

37,33 

6,54 

27,20 

6,66 

28 

, 

29 

28,26!  6,52 

28,23 

6,65 

28,20 

6,77 

28,17 

6,89 

39 

30 

29,23. 

6,75 
6,97 

29,20 

30.17 

.6,88 
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44,11 

13,06 
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13,26 

46 

47 
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12,95 

45,12 

13.15 

45,ot: 

13,35 

45,01 

13,55 

47 

48 

46,1^ 

13,23 

46,o[ 

13,43 

46,02 

I3»63 

45.9^ 

13,83 

48 

49 

47.TC 

'  13-51 

47,04 

13,71 
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I3»92 

46,92 

14,12 

49 

50 

0 
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13,78 
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Dep 
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Dep 
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' 

51 

49,02 

14,06 

48,96 

14,27 

48,90 

14,48 

48,84 

14,70 

51 

■ 

5^ 

49.99 

14,33 

49,92 

14,55 

49,86 

14,77 

49,79 

14,99 

52 

5?, 

50,95 

14,61 

50,88 

14,83 

50,82 

15,05 

50,75 

15327 

53 

' 

54 

?r,9i 

14,88 

51,84 

15,11 

51.78 

15,34 

51,71 

15,56 

54 

jf 

^2,87 

15,16 

52,80 

^5,39 

52,74 

15,62 

52,67 

15,85 

55 

56 

53,83 

15,44 

53,76 

15,67 

53,6y 

15,90 

53,62 

16,14 

56 

■ 

J7 

54,79 

15,71 

54,72 

15.95 

54,65 

16,19 

54,58 

16,43 

57 

5«. 

^5,75 

15,99 

55,^8 

16,23 

55,61 

16,47 

55^54 

16,72 

58 

59 

56,71 

16,26 

56,64 

J  6,5 1 

56,57 

16,76 

56,50 

17,00 

59 

60 
61 

57,68 
58,64 

16,54 
16,81! 

57,60 

16,79 

57,53 
58,49 

I7»04 
17,32 

5  7»45 
58,41 

17,29 
17,58 

60 
61 

58,56 

17,07 

6z 

59,60 

17,09 

59^5'- 

17,35 

59.45 

17,61 

59,37 

17,87 

62 

63 

60,56 

17,37 

60,48 

^7,63 

60,41 

17,89 

60,33 

18,16 

63 

64 

61,52 

17,64 

61,44 

17,91 

61,36 

18^18 

61,28 

18,44 

64 

6v 

62,48 

17,92 

62,4c 

18,19 

62,32 

18,46 

62;24 

18,73 

65 

66 

63,44 

18,19 

63,36 

18,47 

63,28 

18,74 

63,20 

19,02 

66 

67 

64,40 

18,47 

64,32' 

18,75 

64,24 

19,03 

64,16 

t9,3i 

67 

68 

65,37 

18,74 

65,28 

19,03 

65,2c 

19,31 

65,11 

19,60 

68 

69 

66,33 

19,02 

66,24 

19,31 

66,16 

19,60 

66,07 

19,89 

69 

70 
71 

67,29 
68,35 

19,29 
19,57 

67,20 

19.59J 

67,12 
68,08 

19,88 

2C,I7 

67,03 
67,,99 

20,17 

70 
71 

68,16 

19,87 

20,46 

7Z 

69,21 

19,85 

69,12 

20,15 

69,03 

20,45. 

68,95 

20^75 

72 

73 

70,17 

20,T2 

70,08 

20,43 

69.99 

20,73 

69,90 

21,04 

73 

74 

7iji3 

29,40 

71,04 

20,71 

70,95 

2i,oa 

70,86 

2i,33 

74 

75 

72,09 

20,67 

72,00 

20,99 

71,91 

21,30 

71,82 

21,61 

75 

76 

73>-o6 

20,95 

72,9.6 

21,27 

72,87 

31,59 

72,78 

21,90 

76 

77 

74,02 

2I,a2 

73,92 

21,55 

73,83 

21,87 

73,73 

22,19 

77 

7« 

74.98 

21,50 

74,«8 

21,83 

74,79 

22,15 

74,69 

22,48 

78 

79 

75,94 

21,78 

75,84 

22,11 

75,75 

22,44 

75,65 

22,77 

79 

80 
81 

76,9c 
77,80 

22,05 

J2,33 

76,80 

22,39 

76,71 

77,66 

22,72 
23,01 

76,61 

23,06 

80 
81 

77,76 

22,67 

77,56 

23,34 

82 

78,82 

:'.2,6o 

78,72 

22,95 

78,62 

23,29 

78,52 

23,63 

82 

«3 

79,7s? 

22,88 

79>68 

23,23 

79.58 

23,57 

79,48 

23,92 

83 

84 

80,7'; 

^3,^5 

80,64 

23,51 

80,54 

23,86 

80,44 

24,21 

84 

«5 

81,71 

23,43 

81,60 

23,79 

81,5c 

24,14 

81,39 

24,50 

85 

86 

82,67 

13,70 

82,56 

24,07 

82,46 

24,43 

82,35 

24,78 

86 

«7 

83,63 

23,98 

83,52 

24.35 

83,42 

'■4,71 

i  83,3^ 

25,07 

-87 

88 

84,59 

24,26 

84,48 

24,62 

84,38 

24,99 

1  84,27 

25,36 

88 

89 

85,55 

24,53 

85,44 

24,90 

85,33 

25,28 

85,22 

25,65 

89 

90 
91 

86,51 

87,47 

24,81 
25,08 

86,4c 

87.36 

25,18 
25,46 

86,29 
87,25 

25,56 
25,85 

86,18 

25,94 
26,23 

90 
91 

8r,M 

92 

88,44 

25,36 

88,32 

25,74 

83,21 

26,13 

88,10 

26,51 

92 

93 

89,4c 

25.63 

89,2s 

26,02 

89.17 

26,41 

89,05 

26,80 

93 

94 

90,36 

25,?i 

90,24 

26,30 

90,13 

26,70 

90,01 

27,09 

94 

95 

91,32 

26,19 

91,2c 

26,58 

91,09 

26,98 

90,97 

27,38 

95 

96 

92,28 

26,46 

92,1c 

26,86 

92.05 

27,27  |i9Jf'93 

27,67 

96 

97 

93,24 

26,74 

93,12 

27,14 

93,01 

27>55 

92,88 

27,95 

97 

98 

94>2C 

27,01 

94,08 

27,42 

93,96 

27,83 

95,84 

28,24 

98 

99 

95.1t 

27,29 

95,04 

27,70 

94,92 

28,12 

94,8c 

28,53 

99 
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fe s 

96,13 
Dep 

27,56 

Lat. 

96,0c 

27,98 

95,8? 

28,40 

95,76 
Dep 
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Lat. 
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Lat. 
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T  A 
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0 

I 

17  Deg. 

lytDeg. 

I7il>eg. 

17^  Deg. 

I 

Lat. 
0,96 

Dep. 
0,29 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep 

0,95 

0,30 

0,95 

0,30 

0,95 

0,3c 

a 

I>91 

0,58 

1,91 

0,59 

1,91 

0,60 

1,9c 

0,61 

a 

3 

2,87 

0,88 

a,87 

0,89 

a,86 

0,90 

2,86 

0,91 

3 

4^ 

3,«3 

'  1,17 

3,82 

1,19 

3,81 

i,ao 

3,81 

1,32 

4 

5 

4,78 

1,46 

4,78 

1,48 

4,77 

1,50 

4,76 

1,52 

5 

6 

5.74 

1,75 

S>73 

1,78 

5,72 

1,80 

5,71 

1,83 

6 

; 

7 

6,69 

2,05 

6,69 

a,o8 

6,68 

3,10 

6,67 

2,13 

7 

8 
9 

7,6v 

2,34 

7,64 

a,37 

7,^i 

2,41 

7,62 

2,44 

8 

• 

8,61 

a,63 

8,60 

2,6// 

8,58 

a,7i 

8,57 

2,74 

9 

lO 

9.56 

2,9  a 

9,55 

a,97 

9,54 

3,0  i 
3,31 

9,53 
10,48 

3,05 

10 
11 

TI 

10,5  a 

3>a2 

10,51 

3,a6 

10,49 

3,35 

IZ 

11,48 

3,51 

11,46 

3,56 

11,44 

3,61 

11,43 

3,66 

12 

I.S 

ia,43 

3,80 

12,42 

3,85 

12,40 

3,91 

12,38 

3,96 

13 

14 

13,39 

4,09 

13,37 

4,15 

13,35 

4,31 

13,33 

4,27 

14 

15 

14,34 

4,39 

14,33 

4,45 

14,31 

4,51 

14,39 

4,57 

15 

i6 

15,30 

4,68 

I5,a8 

4,74 

15,26 

4,81 

15,24 

4,88 

16 

I? 

i6,a6 

4,97 

16,24 

5,04 

16,31 

5,ri 

16,19 

5,18 

17 

i8 

I7,ai 

5,26 

17,19 

5,34 

17.17 

5>4i 

17,14 

5,49 

18 

19 

18,17    5,56 

18,15 

5,63 

i8,ia 

5,71 

18,10 

5,79 

19 

20 

19,13    5,^5 

19,10 

20,06 

5,93 

19,07 

6,01 

r9»o5 

6,10   ao 
6,40;  21 

20,08 

6,14 

6,33 

ao,o3 

6,31 

20,00 

23 

21,04 

6,43 

ai.oi 

6,52 

30^98 

6,6a 

ao,95 

6,71      32 

a.^ 

21,99 

6,72 

21,97 

6,8a 

21,94 

6,93 

ai,9i 

7,01     23 

24 

2a,95 

7,0a 

22,92 

7,12 

22,89 

7,22 

33,86 

7)32    34 

aj 

ai,9l 

7,31 

23,88 

7,41 

23,84 

7j52 

23,81 

7,6ai   35 

26 

a4,86 

7,60 

24,83 

7,71 

34,80 

7,8a 

34,76 

7,93 

26 

a? 

25,82 

7,89 

25,79 

8, ox 

a5,75 

8,13 

25>7i 

8,23 

27 

28 

a6,78 

8,19 

26,74 

8,30 

36,70 

8,42 

36,67 

8,54 

28 

29 

27,7-? 

8,48 

27,70 

8,60 

37,66 

8,72 

37,63 

8,84 

29 

30 
31 

a8,69 
29,65 

8,77 

28,65 

8,90 

a8,6i 

9,03 

a8,57 

9,15 
9,45 

30 
31 

9,06 

29,61 

9>^9 

29,57 

9y3^ 

a9,52 

3  a 

30,60 

9,36 

30,56 

9,49 

30,5  i 

9,63 

30,48 

9,76 

32 

3S 

31.56 

9,65 

31,5a 

9,79 

31,47 

9,92 

31,43 

10,06 

33 

34 

32,51 

9,94 

J2,47 

10,08 

32,42 

10,33 

32,38 

10,37 

34 

35 

33,47 

io,a3 

33,43 

10,38 

33,38 

10,5  a 

33,33 

10,67 

35 

36 

34,43 

10,53 

34,38 

10,68 

34,33 

10,83 

34,29 

10,98 

36 

37 
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io,8a 

35,34 

10,97 

35,29 

11,13 

35,24 

11,38 

37 

38 
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36,24 

11,43 
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11,58 

38 
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37,25 
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11,73 

37,14 
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39 

40 
41 
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38,20 
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12, x6 
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41 
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4a 
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4a 

43 
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43 

44 
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41,96 

I3,a3 

41,91 

13,41 

44 

45 
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13,16 

42,98^13,34 

42,92 
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42,86 

13,72 

45 

46 

43,99 

13,45 

43,93  13,64 

43,87 

13,83 

43,81 

14,02 

46 

47 

44.95 

13,74 

44,89113,94 

44,82 

14,13 

44,76 

14,33 

47 

48 

45,90 

14,03 

45,84;i4,a3 

45,78 

14,43 

45,71 
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48 

49 
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14,33 
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46,67 
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48,57 

Dep. 
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15,42 
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15,85 

53 

53 
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15,50 
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15.73 

50,55 

15,94 

50,48 
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53 

54 

51,64 

15,79 

51,57 

16,01 

51,50 

16,24 

51,4:3 

16,46 

54 

SS 

52,60 

16,08 

52,53 

16,31 

52,45 

16,54 

52,38 

16,77 

55 

56 

53,55 

16,37 

53,48 

r6,6i 

53=41 

16,84 

53,33 

17,07 

56 

57 
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16,67 

54,4*4 

16,90 

54,36 

17.14 
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17,38 

57 

58 

55,47 

16,96 

55,39 

17,20 

55,33 

17.44 

55,34 

17,68 

58 

59 

56>43 

17,35 

S(>,35 

17,50 

56,37 

17.74 

56,19 

17,99 

59 

60 

57,3« 

17,54 
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57,33 

58,18 

18,04 
18,34 

57,14 
58,10 

18,29 
18,60 

60 
61 

61 

58,33 

17,83 

58,26 

18,09 

6z 

f9,29 

18,13 

59,31 

18,39 

59>i3 

18,64 

59,05 

18,90 

62 

6,3 

60,25 

18,42 

60,17 

18,68 

60,08 

18,94 

60,0c 

19,21 

63 

64 

61,30 

18,71 

61,12 

18,98 

61,04 

19,25 

60,95 

19)51 

64 

6^ 

62,16 

19,00 

62,08 

19,28 

61,99 

19,55 

61,91 

19,82 

65 

66 

63,13 

19.30 

63,03 

19.57 

63,95 

19,85 

62,86 

20,12 

66 

67 

64,07 

19^59 

63,99 

19,87 

63,90 

30,15 

63,81 
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67 

68 
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64,94 

20,16 

64,85 

20,45 
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68 

69 
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20,17 
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20,46 

65,81 

20,75 

65,72 

21,04 

69 
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71 

66,94 
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66,85 
67,81 

20,76 



31,05 

66,76 
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31,35 

66,67 

21,34 
21,65 
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71 

67,90 

30,76 

67,71 

67,62 

7Z 

68,8? 

21,05 

68,76 

21,35 

68,67 

21,65 

68,57 

21,95 

72 

73 

69,81 

31,34 

69,72 

21,65 

69,62 

21,95 

69,53 

22,26 

73 

74 

70,77 

21,64 

70,67 

31,94 

70,58 

22,25 

70,48 

22,56 

74 

75 

71,73 

31,93 

71,63 

22,24 

71,53 

22,55 

71,43 
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75 

76 

72,68 

22,22 

73,58 

32,54 

73,48 

33,85 

72,38 

23,17 

76 

, 

77 

73,64 

22,51 

73,54 

22,83 

73,44 

23,15 

73,33 

23,47 

77 

7« 

74,59 

22,80 

74,4a 

33,13 

74,39 

33,46 

74,39 

23,78 

78 

79 

75,S5 

23,10 

75,45 

33.43 

75,34 

33,76 

75,34 

24,08 

79 

80 

76,50 

33,39 

76,4c 

23,73 

76,30 

24,06 

76,19 
77,14 

24,39 

80 

, 

81 

77,46 

33,^8 

77,36 

24,02 

77,35 

24,36 

24,69 

81 

8a 

78,42 

33>97 

78,31 

24,32 

78,20 

24,66 

78,1c 

25,00 

82 

«3 

79,37 

34,37 

79,3/ 

24,61 

79,16 

24,96 

79,05 

25,30 

83 

Sa 

80,33 

34,56 

80,22 

24,91 

80,11 

25,26 
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35,61 

84 
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8i,29 

34,85 
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25,21 

81,07 

25,56 

8c,95 
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85 

86 

82,24 
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82,13 

25,50 
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86 

87 
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25,44 
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82,97 
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87 

88 
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26,10 
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88 

89 
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89 
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91 
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85,95 
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91 
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9a 
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27,28 
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92 

93 

88,94 

27,19 

88,82 

27,58 

88,70 

27,97 
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28,35 

93 

94 

89,89 
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89.77 

27,87 

89,65 

28,27 
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28,66 

94 

95 

90,85 

27,78 

90,73 

28,17 

90,60 

38,57 

90,48 

28,96 

95 

96 
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28,07 

91,68 

28,47 
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28,87 
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29,27 

96 

97 
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28,36 

92,64 

28,76 
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29,17 
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39,57 

97 

98 
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28,65 
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29,06 
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98 

99 
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1,79 

0,88 

1,79 

0,89 

1,79 

0,90 

2 

3 

2,70 

1,32 

2,69 

1,33 

2,68 

I>34 

2,6' 

1,35 

3 

4 

3.60 

1,75 

3,59 

1,77 

3,58 

1,78 

3>57 

1,80 

4 

5 

4,49 

2,19 

4,48 

2,21 

4,47 

2,23 

4,46 

2,25 

5 

6 

5,39 

2,63 

5,3>^ 

2,65 

5,37 

2,68 

5,36 

2,7c 

6 

7 

6,29 

3,07 

6,28 

3,10 

6,26 

3>12 

6,25 

3,15 

7 

8 

7.19 

3,51 

7,17 

3,54 

7,16 

3»57 

7,14 

3,60 

8 

9 

8,09 

3,95 

8,07 

3,98 

8,05 

4,02 

8,04 

4,05 

9 

lO 

6,99 

4,3!^ 

8,97 

4,42 

8,95 

4,46 

1    8,93 

4,5c 

10 

II 

9,89 

4,82 

9,87 

4,87 

9,84 

4,91 

.9,82 

4,95 

II 

: 

12 

10,79 

5,26 

10,76 

5,31 

10,74 

5)35 

10,72 

5,40 

12 

13 

11,68 

5,70 

11,66 

5-75 

11,63 

5,80 

1 11,61 

5,85 

13 

14 

12,58 

6,14 

12,56 

6,19 

12,53 

6,25 

12,50 

6,30 

14 

15 

13,48 

6,58 

13,45 

6,63 

13,42 

6,69 

! 13^39 

6,75 

15 

i6 

14,3^ 

7,01 

14,35 

7,08 

14,32 

7»i4 

14,29 

7,20 

16 

17 

15,28 

7,45 

15,25 

7,52 

15,21 

7359 

15,18 

7,65 

17 

i8 

16,18 

7,89 

16,14 

7,96 

16,11 

8,03 

16,07 

8,10 

18 

19 

17,08 

^.^3 

17,04 

8,40 

17,00 

8,48 

16,97 

8,55 

19 

20 
21 

17,9!^ 

8,77 
9,21 

17,94 

8,85 

17,90 
18,79 

8,92 

|i7>86 
18,75 

9,00 

20 

18,87 

18,83 

9,29 

9>37 

9>45 

21 

^ 

22 

19,77 

9,64 

19,73 

9,73 

19,69 

9,82 

19*65 

9,90 

22 

23 

10,67 

10,08 

20,63 

10,17 

20,58 

10,26 

20,54 

10,35 

23 

24 

21,57 

10,52 

21,52 

1 0,6 1 

21,48 

10,71 

21,43 

10,80 

24 

25 

22,47 

10,96 

22,42 

11,06 

22,37 

11,15 

22,32 

11,25 

25 

• 

26 

23,37 

11,4c 

23,32 

11,50 

23,27 

II, 6c 

23,22 

11,70 

26 

27 

24,27 

11,84 

24,22 

11,94 

24,16 

12,05 

24,11 

12,15 

27 

28 

25,17 

12,27 

25,11 

12,38 

25,06 

12,49 

25,00 

I2y6o 

28 

. 

29 

26,06 

12,71 

26,61 

12,83 

25,95 

12,94 

25^90 

13j05 

29 

■ 

3° 

26,96 

13,15 
13,59 

26,91 

13,27 

26,85 

I3»39 

26,79 
27,68 

I3»50 

30 

31 

27,86 

27,80 

13,71 

27,74 

13,83 

13,95 

31 

• 

32 

28,76 

14,03 

28,70 

14,15 

28,64 

14,28 

28,58 

14,40 

32 

33 

29,66 

14,47 

29,6c 

14,60 

29,53 

14,72 

29,4; 

14,85 

33 

34 

30,56 

14,90 

30,49 

15,04 

30,43 

15,17 

30,3 1^' 

15,30 

34 

35 

31,46 

15,34 

3^,39 

15,48 

31,32 

15,62 

31,25 

15,75 

35 

36 

32,36 

15,78 

3^^^-9 

15,92 

32,22 

16,06 

32,15 

16,20 

36 

37 

33,26 

16,22 

33,18 

16,^6 

33,11 

16,51 

33,0-i 

16,65 

37 

3« 

34,15 

r6,66 

34,oS 

16,81 

34,01 

16,96 

33j93 

17,10 

38 

39 

35,05 

17,10 

34,98 

17,25 

34,90 

17,40 

34,83 

^7^55 

39 

40 
41 

35,95 

17,53 
17,97 

35,87 

17,69 

.35,80 

17,85 

35>72 

r8,oc 

40 

36,83 

36,77 

18,13 

36,69 

18,29 

36,61 

18,45 

41 

42 

37,75 

18,41 

37,67 

18,58 

37,59 

18,74 

37,51 

18,90 

42 

43 

3«,65 

18,85 

38,57 

19,02 

38,48 

19,19 

38,40 

19535 

43 

44 

39^55 

19,29 

39,46 

19,46 

39,38 

19563 

39>2y' 

19,8c 

44 

45 

40A5  19,73  1 

40,36 

19,90 

40,27 

20,08 

40,18 

20,25 

45 

46 

4i,34i2o,i7 

41,26 

20,35 

41,17 

20,5  3- 

4l>o8 

20,70 

46 

47 

42,24(20,60 
43,14121,04 

42,15 

20,79 

42,06 

20,97 

41,97 

21,15 

47 

: 

48 

43,05 

21,23 

42,96 

21,42 

42,86 

21,60 

48 

■ 

49 

44,04121,48 

43^95 

21,67 

43,85 

21,86 

43*76 

22,05 

49 

' 

50 

44,94,21,92 

44,84 

22,11 

44,75 

22,31 

44,65 

22,50 

50 

Dep.'  Lat. 

Dep. 

Lat. 

Dep. 

Lat. 
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Deg. 
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Deg. 

63i^ 
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r 

26  Deg. 

26^  Deg. 

26iDeg.| 

26i-Deg,l 

P. 
51 

Lut. 

Dep. 

Lat. 

Dep. 

Lat. 
45,64 

Dep. 
32,76 

Lat. 
45,54 

Dep. 

22,95 

45,84 

22,36 

45,74 

32,56 

52 

46,74 

2a,8o 

46,64 

23,00 

46,54 

33,20 

46,43 

23,41 

52 

53 

47,64 

23,23 

47.53 

23,44 

47,43 

2.^,65 

47,33 

23,86 

53 

54 

48,53 

23.67 

48,43 

»3,88 

48,33 

24,09 

48,23 

24,31 

54 

1    55 

49.43 

24,11 

49.33 

24,33 

49,22 

24,54 

49,11 

34,76 

55 

56 

50,33 

24,55 

50,22 

24,77 

50,12 

M,99 

50,01 

35,21 

56 

57 

5^,^2 

24.99 

51,12 

25,21 

5i>oi 

i5,43 

50,90 

35,66 

57 

55i 

52.13 

25,43 

52,02 

25,65 

51,91 

25,88 

51,79 

26,11 

58 

59 

SSfi?, 

25,86 

52,92 

26509 

52,80 

26,33 

52,69 

26,56 

59   ' 

1    6o 
6i 

53.93 
54,83 

26,30 
26,74 

53,81 

26,54 

53,7c 
54,59 

26,77 
a7j2a 

53»58 
54,47 

27,01 

60 
61 

, 

54,71 

36,98 

27,46 

6a 

55.73 

27,t8 

55,61 

27,42 

55,49 

27,66 

55,36 

37,91 

63 

6.3 

56,62 

27,62 

56,50 

27,86 

56,38 

28,11 

156,26 

38,36 

63 

64 

57.52 

a8,o6 

57,40 

28,31 

57,28 

28,56 

57,15 

38,81 

64 

65 

58,42 

28,49 

58,30 

28,75 

58.17 

29,00 

58,04 

39,36 

65 

66 

59,32 

28,93 

59>'^9 

29,19 

59.07 

29»45 

58s94 

39,71 

66 

67 

60,22 

^9,37 

60,09 

29,63 

59.96 

29,90 

59,83 

30,16 

67 

68 

61,12 

29,81 

60,99 

30,08 

60,86 

30,34 

60,73 

30,61 

68 

69 

6z,oa 

30,25 

6r,88 

30,52 

61,75 

30^79 

61,62 

31,06 

69 

■ 

70 
71 

62,92 
6.1,81 

30,69 
31,12 

63,78 

30,96 

62,65 
63,54 

31,23 
31,68 

62,51 

3r>5l 

70 

63,68 

31.40 

63,40 

31,96 

71 

7a 

64,71 

31.56 

64,57 

31,84 

64,44 

32,13 

64,29 

32,41 

73 

73 

65,61 

32,00 

65,47 

32,29 

65,33 

32,57 

65,19 

33,86 

73 

74 

66,51 

32,44 

66,37 

32.73 

66,23 

33,03 

66,08 

33,31 

74 

75 

67,41 

32,88 

67,27 

33,17 

67,12 

33,46 

66,97 

33,76 

75 

76 

68,31 

33,32 

68,16 

33,61 

68,01 

33^91 

67,87 

34,21 

76 

77 

69,31 

33.75 

69,06 

34,06 

68,91 

34,36 

68,76 

34,66 

77 

7« 

70,11 

34,19 

69,96 

34,50 

1  69,80 

34,801 

69,65 

35,11 

78 

79 

71,0c 

34,63 

70,85 

34,94 

70,70 

35,25 

70,55 

35,56 

79 

80 
81 

71,90 

35,07 

71,75 
72,65 

35.38 
35,83 

71,59 

72,49 

35,70 
36,14 

71,44 

72,33 

36,01 
36,46 

80 
81 

72,80 

35,51 

8a 

73,70 

35,95 

73,54 

36,27 

73,38 

36^59 

73,22 

36,91 

83 

5^3 

74,6c 

36,38 

74,44 

^6,71 

74,28 

37,03 

74,12 

37-,36 

83 

84 

75,50 

36,8a 

75,34 

37,15 

75,17 

37,48 

75,01 

37,81 

84 

«5 

76,4c 

37,26 

76,23 

3  7,59 

76,07 

3  7,93 

75,90 

38,36 

85 

86 

77,30 

37,70 

77vi3 

38,04 

76,96 

38,37 

76,80 

38,71 

86 

87 

78,20 

38,14 

78,03 

38,48 

77,86 

38,82 

77169 

39,16 

87 

88 

79.09 

38,58 

78,92 

38,92 

78,7: 

39'27 

78,58 

39,61 

88 

89 

79,99 

39,01 

79,82 

39,36 

79,6.s 

39'7i 

79»48 

40,06 

89 

90 
91 

80,89 
81,79 

39,45 
39,89 

80,72 
81,62 

39,81 

40,25 

80,5  J 
81.44 

40,16 

40,60 

80,37 

40,51 

90 

81,36 

40,96 

91 

9a 

82,6.p 

40,33 

82,51 

40,69 

82,33 

41,05 

82,15 

41,41 

92 

93 

8359 

40,77 

83,41 

41,13 

83,23 

41,50 

83,05 

41,8^ 

93 

94 

84,49 

41,21 

84,31 

41,58 

84,12 

41,94 

83,94 

42,31 

94 

95 

85,39 

41,65 

85,20 

42,02 

85,02 

42,39 

84,83 

42,76 

95 

96 

86,28 

42,08 

86,10 

42,46 

85,9i 

42,83 

8^,73 

43,21 

96 

97 

87,18 

42,52 

87,00 

42,90 

86,81 

43,28 

86,62 

43,66 

97. 

98 

88,08 

42,96 

87,89 

43,34 

87,7c 

43573 

87,51 

44,11 

98 

99 

88,98 

43,40 

88,79 

43,79 

88,60 

44,17 

88,40 

44,56 

99 

100 

Q 

89,88 
Dep. 

43,84 
Lat. 

89,69 

44,23 

89,49 
Dep. 

44,62 

89,30 

45,01 
Lat 

roo 

Dep. 

Lat. 

Lat. 

Dep. 

6+  Deg.  I 

65i 

Deg. 

63^ 

Deg. 

63t 

Deg. 
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0 

27  Deg.  (1 

Lat. 
0,89 

Dep. 
0,45 

I 

% 

J,7i 

0,91- 

3 

2.67 

1,36 

4 

3.J6 

1,82 

J 

4,45 

2,27 

6 

5,35 

2,72  I 

7 

6,24 

3,18 

8 

7,13 

3,63 

9 

8,02 

4,09 

lO 

8,91 

4,54} 

II 

9,86 

4,99 

la 

10,69 

5,45 

^3 

11,58; 

1^,90 

14 

12,47 

6,36 

ij 

13,37 

6,81 

i6 

14,26 

7,26 

17 

15,15 

7,72 

l8 

16,04 

8,17 

19 

16,93 

8,63 

ao 
ai 

17,82 
18,71 

9,o3 

9,53 

aa 

19,60]  9,99  1 

23 

20,49.10,44  1 

24 

21,38 

10,90 

25 

2a,28 

'^^^^7,5 

a6 

23,17 

11,80 

27 

a4,o6 

12,26 

a8 

24,95 

12,71 

29 

25,84 

13,17 

30 

26,73 

13,63 

31 

32 

27,62 

14,07 

28,51 

14,53 

ZZ 

29,40 

14,98 

34 

30,29 

15,44 

.35 

31,19 

15,89 

36 

32,08 

16,34 

37 

32,97 

16,80 

38 

33,^6 

17,25 

39 

34,75 

17,71 

40 

35,64 

18,16 

41 

36,53 

18,61  1 

42 

37,42  19,0711 

43 

38,31 

19,52, 
19,98 

44 

39,20 

45 

4C,io 

20,43 

46 

40,99 

20,88 

47 

41,88 

21,34 

48 

42,77 

21,79 

49 

43,66 

22,25 

50 

44,55 

22,70 

,Dep 

I.at. 

63] 

Deg. 

.27Z 

Deg. 

Lat. 

Dep. 
0,46 

0,89 

1,78 

0,92 

2,67 

1,37 

3,56 

1,83 

4,-^5 

2)29 

S.iZ 

2,75 

6,22 

3,21 

7,11 

3,66 

8,00 

4,12 

8,89 

4,58 

9,78 

5,04 

10,67 

5,49 

11,56 

5,95 

12,45 

6,41 

13,34 

6,87 

14,22 

7,33 

15,11 

7,78 

16,00 

8,24 

1-6,89 

8,70 

t7,78 

9,16 

18,67 

9,62 

19,56 

10,07 

20,45 

^'^.SZ 

21,34 

10,99 

32,23 

11,45 

23,11 

11,90 

24,00 

12,36 

24,89 

12,82 

25,78 

13,28 

26,67 

13,74 

27,56 

14,19 

28,45 

14,65 

29,34 

15,11 

30,23 

15,57 

31,12 

16,03 

32,00 

16,48 

32,89 

16,94 

33,78 

i7,/io 

34,67 

17,86 

35,56 

18,31 

36,45 

18,77 

3  7,34 

19,23 

32,23 

19,69 

39,12 

20,15 

40,01 

20,60 

40,89 

21,06 

41,78 

21,52 

42,67 

21,98 

43,56 

22,44 

44,45 

22,89 

Dep. 

Lat.  [ 

62i 

Deg. 

27i 

Deg. 

Lat. 

Dep. 

0,89 

0,46 

1,77 

0,92 

2,66 

1,39 

J,.^5 

1,85 

4,44 

2,31 

5,7,^ 

2,77 

6,ai 

3?23 

7,10 

3^69 

7,98 

4,16 

8,87 

4,62 

9,76 

5,08 

10,64 

5,54 

11,'; -; 

6,00 

12,42 

6,46 

T-7.71- 

6;93 

14,19 

7,39 

15,08 

7,85 

15,97 

8,31 

16,85 

8,77 

17,74 

9^23 

18,63 

9,70 

19,51 

10,16 

20,40 

10,62 

21,29 

11,08 

22,t8 

11,54 

23,06 

12,01 

23,95 

12,47 

24,84 

12,93 

25,72 

13,39 

26,61 

13,85 

27,50 

14,31 

28,38 

14;78 

29.27 

15,24 

30,16 

15,70 

31,05 

16,16 

31,93 

16,62 

32,82 

17,08 

33,71 

17,55 

34,59 

18,01 

35,48 

18,47 

36,37 

18,93 

37,25 

19,39 

38,14 

19,86 

39,03 

20J32 

39.92 

20j78 

40,80 

21,24 

41,69 

21,70 

42,58 

22,16 

43,46 

22,63 

44.35 

23,09 
Lat. 

Dep. 

62i 

Deg. 

27I 

Deg. 

b 

Lat. 

Dep. 

p 

0,88 

0,47 

I 

1,77 

0,93 

a 

2,65 

1,40 

3 

3,54 

1,86 

4 

4,42 

2,33 

5 

5,31 

2,79 

6 

6,19 

3,26 

7 

7,08 

3,72 

8 

7,96 

4,19 

9 

8,85 

4,66 

10 

9,73 

5,12 

II 

10,62 

5,59 

la 

11,50 

6,05 

13 

12,39 

6,52 

14 

13^27 

6,98 

15 

14,16 

7,45 

16 

15,04 

7,92 

17 

15,93 

8,38 

18 

16,81 

8,85 

19 

i7>70 

9,31 

20 

18,58 

9,78 

ai 

19,47 

10,24 

aa 

20,35 

10,71 

23 

31,24 

11,17 

24 

22,12 

11,64 

25 

23,01 

12,11 

a6 

23,89 

12,57 

27 

24,78 

13,04 

a8 

25j66 

13,50 

29 

26,55 

13,97 

30 

27,43 

14,43 

31 

28,32 

14,90 

32 

29,20 

15,37 

ZZ 

30,09 

15,83 

34 

30,97 

16,30 

35 

31,86 

16,76 

36 

32,74 

17,23 

37 

33,63 

17,69 

38 

34,51 

18,16 

39 

35,40 

18,62 

40 

36,28 

19,09 

41 

37,17 

19,56 

42 

38,05 

20,02 

43 

38,94 

20,49 

44 

39,82 

20,95 

45 

40,71 

21,42 

46 

41,59 

21,88 

47 

42,48 

22,35 

48 

43,36 

22,82 

49 

44,25 

23,28 

50 
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Lat. 

d 
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Deg. 
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1 

37  Deg. 

2  7tDeg. 

2  7tDeg. 

27I 

Deg. 

51 

Lu'. 

Dep. 

Lat. 

Ui  ,1. 

23,35 

Lat. 

Dep. 

Lat. 

k 

45,13 

Dep. 

51 

45,44 

23,15 

45,,V 

45,24 

23,55 

23,75 

'     5* 

46,33 

23,61 

46,23 

23,«I 

46,12 

24,01 

46,02 

24,21 

52 

55 

47,aa 

24,06 

47,12 

24,27 

47,01 

24,47 

46,9c 

24,6? 

S3 

54 

48  II 

24,52 

48,01 

24.73 

47,90 

i4,93 

47)79 

7.5,14 

54 

55 

49,01 

24,9:^ 

48,90 

25,18 

48,79 

25,40 

48,67 

25,61 

5'5 

56 

49.90 

25,42 

4978 

25.64 

49,67 

25,86 

49)56 

26,07 

56 

5  7 

50,79 

25,88 

50,67 

26,10 

50,56 

36,32 

50,44 

26j54 

57 

58 

■,1,68 

26,33 

51.56 

26,56 

51,45 

26,78 

51)33 

27,01 

58 

59 

52,57 

26,79 

52,45 

27,01 

52,33 

27,24 

52,21 

27)47 

59 

60 

53>46 

27,24 

53.34 

27,47 

53.,22 

54,11 

27,70 
28,17 

53)10 
53,98 

2  7^94 

60 

61 

54,35 

27,69 

54,23 

27.93 

28,40 

61 

6z 

55,24 

28,15 

55,12 

28,39 

54,99 

28,63 

54,87 

28,87 

62 

■ 

6,^ 

56,13 

28,60 

56,01 

28.85 

55,^^ 

29,09 

55,75 

29,33 

63 

64 

57,02 

29,06 

56,90 

29.30 

56,77 

29i'55 

56,6/1 

29,80 

64 

6? 

57,92 

29,51 

5  7,79 

29,76 

57,66 

30,01 

57)52 

30,26 

65 

66 

58,81 

29,96 

58,(18 

30,22 

5«,54 

30,48 

58,41 

30,73 

66 

67 

?9, 7030,421 

59,56 

30,68 

59,43 

30,94 

59)29 

31,20 

67 

68 

60, ?9 

30,87 

60,45 

31,14 

60,32 

3i>40 

60,18 

31,66 

68 

, 

69 

61,48 

31,33 

61,34 

31,59 

61,20 

31,86 

61,06 

32,13 

69 

70 

62,37 

3I,7« 

62,23 

32,05 

62,09 

32)32 

32,78 

61,95 

32,59 

70 

71 

63.26 

32,23 

63,12 

3^,5-1 

62,98 

62,83 

33,06 

71 

7a 

64,15 

32^69 

64,01 

32,97 

63,86 

33)25 

63)7^ 

33,52 

72 

73 

65,04 

33,14 

64,90 

33j42 

64.75 

33)71 

64,60 

33,99 

73 

74 

65.93 

33,60 

65,79 

33,^^ 

65.64 

34)17 

65,49 

34,46 

74 

75 

66,8.1 

34.05 

66,68 

34.34 

66,53 

34)63 

66,37 

34,92 

75 

76 

67,73 

34i5o 

67,57 

34,80 

67,41 

35)09 

67,26 

35,39 

76 

77 

68,61 

34,96 

68,45 

35,26 

68,30 

35)55 

68,14 

35,85 

77 

78 

69,50 

35,41 

69^34 

35,71 

69,19 

36,02 

69,03 

36,32 

78 

79 

70,39 

35,87 

70,23 

36,17 

70,07 

36,48 

69,91 

36,78 

79 

80 
81 

71,28 
72,17 

36,32 

71,12 

36,63 
37,09 

70,96 

36)94 

70,80 

37,25 

_  80 

36,77 

72,01 

71.85 

37,40 

71,68 

37,71 

81 

82 

73,06 

37,23 

72,9c 

37,55 

72,73 

37)86 

72j57 

38,18 

82 

«3 

73,95 

37,68 

73,79 

58,00 

73,62 

38j33 

73)45 

38,65 

83 

''  -• 

74,84 

3^.14 

74,68 

38,46 

74,51 

38,79 

74)34 

39,11 

84 

«5 

75,74 

3«,59 

75,57 

38,92 

75,40 

39,25 

75,22 

39,58 

85 

86 

7-6.63 

39i04 

76,46 

39>3^ 

76,28 

39)71 

76,11 

40,04 

86 

87 

77,52 

39>50 

77,34 

39,^3 

77ji7 

40,17 

76,99 

40,51 

87 

88 

7B,4i 

39,95 

78,23 

40,29 

78,06 

40,63 

77,88 

40,97 

88 

89 

79,30 

40,41 

79>i^ 

40,75 

78,94 

41,10 

78,76 

41,44 

89 

90 
91 

80,19 
8i,o8 

40,86 
41,31 

80,01 
80,9c 

41,21 
41,67 

79,83 

41,56 

79/s 

41,91 

90 
91 

80,72 

42,02 

80,53 

42,37 

9Z 

81,97 

41,77 

81,79 

42,12 

81,60  42,48 

81,42 

42,84 

92 

93 

82,86 

42,22 

82,68 

42,58 

82,49  42j94 

82,3c 

43,30 

93 

94 

«3.75 

42,68 

83,5? 

43,04 

83,38  43)40 

83,19 

43,77 

94 

95 

84,65 

43,13 

84,46 

43,50 

84,27  43>87 

84,07 

44,23 

95 

96 

85,54 

43.5« 

^5,35 

43,96 

85,15  44>33 

84,96 

44,70 

96 

97 

!^6,43 

44,04 

86,23 

44,41 

86,04  44,79 

85,84 

45,1^ 

97 

98 

H7,32 

44.49 

87,12 

44,87 

86,93  45)25 

86,73 

45,63 

98 

99 

88,2. 

44,95 

88,01 

45,33 

87,81  45j7I 

87,61 

46,10 

99 

100 

Q 

89.10 

45,40 
Lat. 

88,90 

45,79 

88,70  46,17 
Dep.i  Lit. 

88,50 
"Dep 

46,56 
Lat. 

roo 

Dq,. 

Lat. 

6i  Deg.  j 

62|Deg.| 

62i 

Deg.j 

<52t  Deg. 

SI 

T 

RAVE 

R  S 

E 

T  A 

B  L 

E. 

1 

d 

2B  Deg. 

28-  Deg. 

2  Si  Deg.  [ 

28^  Deg. 

0 
p 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Laf. 
0,8  • 

Dep. 

0,88 

0,47 

0,88 

0,47 

0,8  8 

0,48 

0,48 

I 

a 

1,77 

0,94 

1,76 

0,95 

i,76 

0,95 

i>7.i 

0,96 

a 

3 

2,65 

1,41 

1    2,64 

];,42 

2,64 

I>43 

2,63 

1,44 

3 

4 

3.53 

1,88 

3.52 

1,89 

3,52 

1,91 

3iS^ 

1,92 

4 

5 

4)41 

2,35 

4»40 

2,37 

4,39 

2,39 

4,38 

2,40 

5 

6 

5.30 

2,82 

5,29 

2,84 

5,27 

2,86 

5>26 

2,89 

6 

7 

6,18 

3,29 

6,17 

3,31 

6,15 

3>34 

6,14 

3,37 

7 

8 

7,06 

3,76 

7,05 

3,79 

7,03 

3,82 

7,01 

3,85 

8 

9 

7,95 

4,23 

7,93 

4,26 

7.9^ 

4,29 

7 -,89 

4,33 

9 

lo 

8,83 

4,69 

8,81 

4,73 

8,79 

4>77 

8,77 

4,8x 

10 

II 

9.71 

5,16 

9,69 

5,21 

9,67 

5,25 

9,64 

5,29 

II 

12 

10,60 

5,63 

10,57 

5,68 

10,55 

5,73 

10,52 

5,77 

12 

' 

1.3 

11,48 

6,10 

11,45 

6,15 

11,42 

6,20 

11,40 

6,25 

13 

14 

12,36 

6,57 

12,33 

6>63 

12,10 

6,68 

12,27 

6,73 

14 

15 

13,24 

7>04 

13,21 

7,10 

r3,x8 

7,16 

13^15 

7,21 

15 

l6 

14,13 

7:51 

14,09 

7,57 

14,06 

7,63 

14,03 

7,70 

16 

17 

15,01 

7,9« 

14,98 

8,05 

I4>94 

8,11 

14,90 

8,18 

17 

i8 

15,89 

8,45 

15,86 

8,52 

15,82 

8,59 

15*78 

8,66 

18 

19 

16,78 

8,92 

16,74 

8,99 

16,70 

9,07 

16,66 

9.14 

19 

20 

17,66 

9,39 

17,62 

9,47 

17,58 

9»54 

I7>53 

9,62 

20 

21 

18,54 

9.86 

18,50 

9,94 

18,46 

10,02 

18,41 

10,10 

21 

22 

19,42 

10,33 

19.38 

TO,4I 

19.33 

10,50 

19,29 

10,58 

22 

23 

20,31 

10,80 

20,26 

10,89 

20,21 

10,97 

20,16 

11,06 

23 

24 

21,19 

11,27 

21,14 

11,36 

21,09 

11,45 

21,04 

11,54 

24 

ai 

22,07 

11,74 

24,02 

11,83 

21,97 

ri>93 

21,92 

12,02 

25 

26 

22,96 

12,21 

22^0 

12,31 

22,85 

12,41 

22,79 

12,51 

26 

. 

27 

43,84 

12,68 

23.78 

12,78 

23,73 

12,88 

23^67 

12,99 

27 

28 

34,72 

I3>i5 

24,66 

13,25 

24,61 

13,36 

24355 

13^47 

28 

29 

25i6i 

13,^1 

25,55 

13,73 

25.49 

13,84 

2554.- 

13)95 

29 

30 

26,49 

37,37 

14,08 

26,43 

14,20 

26,36 

14,31 

26,30 

I4j43 

30 

I4>55 

27,31 

14,67 

27,24 

14,79 

27,18 

.14,91 

31 

32 

28,25 

15,02 

28,19 

"^SJS 

28,12 

15,27 

28,06 

15,39 

32 

33 

29,14 

15.49 

29,07 

15,62 

29,00 

I5s75 

28,93 

15,87 

33 

■ 

34 

30,02 

15,96 

29,95 

16,09 

29,88 

16,22 

29,81 

t6,35 

34 

35 

30,90 

16,45 

30,83 

16,57 

30,76 

16,70 

30,69 

16,83 

35 

36 

31,79 

16,90 

31,71 

17,04 

31,64 

i7,t8 

3i>56 

17.32 

36 

37 

32,67 

J7,37 

32>59 

I7,5i 

32,52 

I7>65 

32,44 

17,80 

37 

3« 

33,5i 

17,84 

33,47 

17,99 

33,39 

18,13 

33'>3^ 

18,28 

38 

39 

34,43 

1 8,3 1 

34,35 

18,46 

34,27 

18,61 

34.19 

18,76 

39 

40 

35.32 

18,78 

35,24 

18,93 

35''^5 

19,09 

35)0- 

10)24 

40- 

41 

36,20 

I9,?'5 

36,12 

19,41 

36,03 

i9>56 

35,95 

19,72 

41 

42 

37,08 

19,72 

37,00 

19,88 

36,91 

20,04 

36,82 

20,20 

42 

43 

37,97 

20,19 

3 -,^8 

20,35 

37,79 

20,52 

37»7C- 

20,68 

43 

44 

3US 

20,66- 

38,7^' 

20,83 

38,67 

20,99 

38,58 

21,16 

44 

45 

39,73  21,13 

39  M 

21,30 

39^5 

21,47 

39>45 

21,64 

45 

46 

4O562  21,60 

40,52 

21,77 

40,43  21  >95 

40j33 

22,13 

46 

47 

41,5022,07 

41,40 

^2,25 

41,30122,43 

41,21 

22,61 

47 

48 

42,38  22,53 

42,28 

22,72 

42,18  22>90- 

42,08 

23.09 

48 

49 

43.26  23vOO 

43,t:6 

.^3,^9 

43,06  23,38 

42,96  23,57 

49 

50 

44,i5f23-,47 

44,04 

23,67 

43.9423586 

Dep.i  Lat. 

43,84  24,05 

50 

Q 

Dep.;  Lat. 

Dep. 

Lat. 

Dep.    Lat. 

62  T)cg. 

6iiDeg.l 
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55 


51 

ja 

S3 
S4 
55 
56 
57 
58 

5V 

60 

62 
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 

73 
74 
75 
76 

77 
78 
79 
80 


82 
83 
84 
85 
86 

87 
88 
89 
90 

91 

92 

93 
94 
95 
96 

97 
98 

99 

100 


45.03 
45.91 
46,80 
47.68 
48,56 
49.45 
50,3.5 
5l.ii 
5 -.09 
5».98 


28  Deg. 


Lat.    Dtp 


a3.94 
»4,4i 
24,88 

^5,35 
25,8  a 
26,29 
26,76 

7.»3 
27,70 
28,17 


53,86 
54,74 
5S^(>3 
56,  fi 

57.39 
58,27 
59.16 
60,64 
60,92 
6i,8i 


62,69 

63,57 
64,46 

65,34 

66,22 

67,10 

67,99 

<^8,87 
69,75 

70,64 


2  8i  Deer. 


l.at. 


38,64 
29,11 

29.58 

30,05 
50,52 
30,99 
31,45 
31,92 
32,39 
32,86 


J3,33 
33,80 

34,27 
34,74 
35,21 
35,68 
36,15 
36,62 

37,09 

37,56 


71,5- 
72,4 
73,2£ 
74,17 
75,0  j- 

75.93 
76,82 

77,70 
78,58 
79.47 


38,03 
38,50 
38,97 
39>44 
39.91 
40,37 
40,84 

41,31 
41,78 

42,25 


44.93 
45,81 
46,69 

47,57 
48,45 
49)3J 

CO,iI 

51.09 
51,9? 


Dep. 


24,14 
24,61 
25,09 
'-5,56 
26,03 
26,51 
^6,98 
2'7,45 
27»93 
28,40 


53,73 
54,62 
55,50 
56,38 
57.26 
58,14 
59.02 
59.90 
60,78 
61,66 


28,87 

29.35 
29,8a 

30,29 
30,77 
31.24 
I.71 
32,19 
32,66 

33,13 


80,3 

,81,2 

82,11 

83,00 

83,88 

84,76 

85,65 

86,53 

87,41 

88,29 

Dep 


42,72 
43,19 
43,66 

44,13 
44,60 

45.07 
45,54 
46,01 
46,48 
46,95 
L.at. 


62,54 
63,42 
64,30 
65,1? 
66,07 
66,95 
67,83 
68.71 

69.59 

70,47 


71.35 
72,23 
73.1^ 
73,99 
74,8 

75,7 

76,64 

77,52 

78,4c 

79.28 


fc; 


62  Deg. 


80,1  ( 

81,0 

81,92 

82,80 

83.68 

84.57 

85.45 

86,33 

87,21 

88,09; 


33,61 
34,08 
34,55 
35,03 
35,50 
35,97 
36,45 
36,92 
37i39 
37,87 


38,34 
38,81 

39.29 
9,76 
40,23 
40,71 
4.1,18 
41.65 
42,13 
42,60 


43.07 
43,55 
44,02 

44.49 
44,97 
45.44 
45,91 
46,39 
46,86 

47,33 


Dep.l  Lat. 
6i|Deg, 


28i  Deg. 


Lac 


44,82 
45,70 
46,58 
47,46 

48,33 
49,21 
50,09 
JO,9  7 

51.8^ 
52,7.' 


53,61 
54,49 
55,3 
'56,24 

57,1 

58,0c 

58,88 

59.76 

60,6 

61,52 


Dcp. 


24,34 
-4,81 

i5^^9 
25>77 
26,24 

26,7a 

2  7',  7,0 
27, 68 
26,15 
28,63 


29,11 
29,58 
30,06 

30,54 
31,02 

3i»49 
3rj97 
32,45 
32,92 
33,40 


62,40 
63,27 
64,15 
65,03 

65.91 

66,79 

67.67 
68,55 
69,43 

70 


71,18 
72,06 
72,94 
73,82 
74.70 
75.58 
76,46 
77.34 
78,21 
79.0s 


79.9 
80,85 

81,7 
82..6I 

83.4 

84.3 

85,2. 

86,12 

87P0 

87,88 


33,>i>i 
34,36 
34,83 
573^ 
35^79 
36,26 

36,74 

37»'22 

37570 
38,17 


28|Deg. 


Lat. 


44,7^ 
45359 
46,47 
47,34 
48,22 
49,10 

49>9 

50,85 


De. 


24,53 
25,01 

25,49 
25,97 
26,45 
26,94 

27,4 
,90 


;i,7,^  28,38 
,2,60 


38,65 

39y^3 
39>6o 
40,08 
40,56 
41,04 
41,51 
41,99 
42,.17 
42,94 


43,42 
43,90 
44,38 
14,85 

:-5>33 
45,8r 
46,28 
46,76 
-;7v'-4 
4:.7^- 


53,48 
54,36 
55,23 
56,11 

56,99 
57,86 

58,74 
59>62 
60,49 
61,37 
62,25 
63,12 
64,00 
64,80 

65,75 
66,63 

67,51 
68,38 
69,26 
70,14 


29,34 
29,82 
30,30 
30,78 
31,26 

3Ij75 
32,23 
32,71 
33.19 
33»67 


Dep  j  Lui. 
6iiDeg. 


71,01 
71,89 
72,77 
73564 
74,52 
75>40 
76,28 

77.15 
78,03 

78,91 


79,78 
80,66 

81,54 
82,41 

83,29 
84,17 
85.04 

86,80 

87,67 

Dcp 


34,15 
34,63 
35,11 

35,59 
36,07 
36,56 
37,04 
37,52 
38,00 
38,48 


38,96 

39.44 

39,92 

40,40 

40 

41,36 

41.85 

42,33 
42,81 

43.29 


43,77 
44,25 
44,73 
45,21 
45*69 
46,17 
46,66 
47,14 
47,62 
48,10 

Lat 


61- Deg. 
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29  Deg.  ,j 

29tDeg.] 

29t  Deg. 

Lat.  1  Dep- 

0,87,  0,49 

29il>eg-l 

0 

I 

La. 

Dep. 
0,48 

JLat. 

Uep. 
o,.f9 

Lac. 

D.p. 

0,87 

0,87 

0,50 

2 

l>75 

0.97 

1,74 

0,98 

1,74!  0,98 

1,74 

0,99 

2 

3 

2,62 

1,45       2,62 

1,47 

2,61 

1,48 

2,60 

1,49 

3 

4 

3,5<^ 

1,94       3,49 

1,95 

3,48 

i>97 

.  3.?47 

1,98 

4 

5 

4,37 

2,42       4,36 

2,44 

4,35 

2,46 

4,34 

2,48 

5 

6 

5,^5 

2,91 

5,-3 

2,93 

5,22 

2?95 

5,21 

2,98 

6 

7 

6,12 

3,39 

6,11 

3,42 

6,09 

3>45 

6,08 

3,47 

7 

8 

7.'^Q 

3,^^ 

6,98 

3,91- 

6,96 

3r94 

6,95 

3,97 

8 

9 

7>87    4,36| 

7,«5 

4,40 

7,«3 

4j43 

7,^1 

4,47 

.9 

10 

<?  .  r 

4,85  { 
5,33  t 

1    8,72 

4.89 

'  8,70 

4,92 

8,68 

4,96 

10 
II 

II 

c;,62 

0,60 

5,37 

9,57 

5,42 

9y5S 

5,46 

la 

10,50    5,82 

10,47 

5,«6 

10,44 

5,91 

10,42 

5,95 

IZ 

ij 

11.37    6,30 

11,34 

6,35 

11,31 

6,40 

11,29 

6,45 

13 

14 

I2,:4| 

6,79 

I2,2X 

6,84 

12,18 

6,89 

12,15 

6,95 

14 

i 

If 

I3>12. 

2,27 

13,09 

7.33 

13,06 

7^39 

13,02 

7,44 

15 

i6 

i3>9? 

7,76 

"^3^9^^ 

7,82 

13,93 

7»88 

13,89 

7,94 

16 

17 

14.87 

8,24 

14,83 

8,31 

14,80 

8,37 

14,76 

8,44 

17 

i8 

15--74 

«,73 

15,70 

8,80 

15,67 

8,86 

15,63 

8,93 

18 

19 

16,62 

9,21 

16,58 

9,28 

16,54 

9>36 

16,50 

9,43 

19 

20 
21 

17,49 

9»7o 

17,45 
18,32 

9,77 
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33jIo 

46,26 

33,30 

57 

5« 

47>5I 

33,27 

47,37 

33,47 

47,22 

33>68 

47,07 

33,89 

58 

59 

48,33 

33,84 

48,18 

34,05 

48,03 

34,26 

47,88 

34,47 

59 

60 

49,15 

34,41 

49,00 

34,63 

48,85 

49,66 

34>84 
35,42 

48,69 
49,51 

35,64 

60 

61 

1    61 

49>97 

34,99 

49,82 

35,1^ 

6s 

50,79 

35,56 

50,63 

35.78 

50,48 

36,00 

50,32 

36,22 

6a 

1    63 

51,61 

36,14 

51,45 

36,36 

51,29 

36,58 

51,13 

36,81 

63 

■ 

64 

^2,43 

36,71 

52,27 

36,94 

52,10 

37,16 

51,94 

37,39 

64 

6^ 

^3,24 

37,28 

53,0^ 

37,51 

52,92 

37>75 

52,75 

07,98 

6j 

66 

54,06 

37.86 

53,9^ 

38.09 

53,73 

38,33 

53,56 

38,56 

U 

• 

67 

54,88 

38,43 

54,71 

,8,67 

54,55 

38,91 

54,38 

39,14 

67 

68 

55,70 

39.00 

55,53 

39,25 

55,36 

39549 

55,19 

39,73 

68 

69 

56,52 

39,58 

56,35 

39,82 

56,17 

40,07 

56,00 

40,31 

69 

70 
7Jt 

57,34 
58,16 

40,15 
40,72 

57,16 
57,9s 

40,40 
40,98 

56,99 

57,80 

40,65 
41,23 

56,81 

40,9b 

70 

, 

57,62 

41,48 

71 

72 

58,98 

41  30 

58,80 

41,55 

58,62 

41, 3i 

58,43 

42,07 

72 

73 

59,80 

4X,87 

59,61 

42,13 

5943 

43;39 

59,24 

42,65 

73 

■ 

74 

60,62 

42,44 

60,43 

4271 

60,24 

47,97 

6o,oC 

43,23 

74 

■ 

75 

61,44 

43,02 

61,25 

43.29 

61,06 

43,55 

60,87 

43,82 

75 

, 

76 

62,26 

43,59 

62,06 

43,86 

61,87 

44ji3 

61,68 

44,40 

76 

' 

77 

63.07 

44,17 

62,88 

44,44 

62,69 

44,71 

62,49 

44,99 

77 

78 

63.89 

44,74 

63,70 

45,02 

63,50 

45»29 

63,30 

45,57 

78 

79 

64,71 

45,31 

64,51 

45,59 

64,32 

45,88 

64,11 

46,16 

79 

80 
81 

65,53 

45,89 

65,33 
6615 

46,17 
46,75 

65,13 

46,46 

64,93 
65,74 

46,74 

80 
81 

; 

66,35 

46,46 

65,94 

47,04 

47,32 

• 

82 

67,17 

47,03 

66,96 

>47,33 

66,76 

47,62 

66,55 

47,91 

8a 

B3 

67.99 

47,61 

67,78 

47,90 

67,57 

48,20 

67,36 

48,49 

83 

84 

68,81 

48,18 

68,60 

48,48 

68,39 

48,78 

68,17 

49,08 

84 

85 

69,63 

48,75 

69,41 

49,06 

69,20 

49,36 

68,9^ 

49,66 

85 

1 

86 

70,45 

49,33 

70,23 

49,63 

70,01 

49,94 

69,8c 

50,25 

86 

■ 

87 

71,27 

49,90 

71,05 

50,21 

70,83 

50,52 

70,61 

50,83 

87 

88 

73,09 

50,47 

71,86 

50,79 

71,64 

51,10 

71,42 

51^41 

88 

89 

72,90 

51,05 

72,68 

51,37 

72,46 

51,68 

72,23 

52,0c 

89 

90   173,72 

51,62 
52,20 

73,50 
74,3  i 

51,94 

52,52 

73,27 
74,08 

54,26 

73,04 

52,58 

53,^:/ 

90 
91 

91 

74,54 

52,84 

73,85 

' 

92 

75.36 

52,77 

75,13 

53.10 

174  90 

53,42 

74,66 

53,75 

92 

93 

76,18 

.?3,34  I  75,95 

53,67 

75,71 

54>oi 

75,48 

5^,34 

93 

94 

77,00 

53,92 

76,76 

54,25 

76.53 

54,59 

76,25 

54,92 

9.4 

95 

77,82 

54,49 

77,58 

54,83 

77,34 

55,17 

77,10 

^"=,50 

'95 

96 

78,64 

55,06 

78,4c 

55.41 

78,16 

55,75 

77,91 

>;&,09 

96 

97 

79,46 

35,64 

79,21 

55,98 

78,97 

56,33 

78,72 

56,'.7 

97 

98 

80,28 

56,21 

80,01 

56,56 

79,78 

56,91 

79,53 

57,26 

98 

99 

8 1  ^10 

56,78 

80,8  = 

57,14 

80,60 

57,49 

80,3.' 

w,84 

99 

100 

P 

81,92 

Dep 

57,36 

Lat. 

81,6^ 

57,71 

81,41 

58,07 

81,16 
Dep 

58,42 
Lat. 

100 
Q 

Dep 

Lat. 

Dep 

Lat. 

55  I^tg. 

54^ 

Deg. 

54tD'=g- 

54t  Deg. 

-^ 

f3' 

T  R  A  V  E 

R  S 

E 

T  A 

B  L 

E. 

36  Beg. 

361  Deg. 

Lat.     Dep. 

36!  Deg. 

36|D£g. 

nl'iil 

I 

Lat. 

Dep. 

Lnt.  \  Dep. 
0,80    0,59 

Lat. 

Dep. 

0,81 

0,59 

0,81    0,59 

0,8: 

0,60 

2 

1,62 

1,18 

1,61     1,18 

x,6i 

I,T9 

i,6c 

1,20 

2 

3 

2,43 

1,76 

2,42    1,77 

2,41 

1,78 

2,4- 

T,79 

3 

4 

3.24 

^,35 

3,23 

2,37 

3,22 

2^38 

3,20 

2,39 

4 

5 

4,05 

2,94 

4.03 

2,96 

4,02 

2,97 

4,01 

2.99 

5 

6 

4,«5 

3:53 

4,^-i4 

3,55 

4,82 

3,57 

4,81 

j,59 

6 

7 

5.66 

4,11 

5,65 

4,14 

5,63 

4,16 

5,61 

4,19 

7 

8 

6,47 

4,70 

6,45 

4,73 

6,43 

4,76 

6,41 

4,79 

8 

9 

7>28 

5,29 

7,26 

5,32 

7,23 

5,35 

7,21 

5,38 

9 

lO 

^,09 

5,88 

8,06 

5,91 

,  8,04 

5,95 

8,01 

5,98 

10 
II 

II 

8,90 

6,47 

8,87 

6,50 

8,84 

6,54 

8,81 

6,58 

IZ 

9.71 

7,05 

9,68 

7.10 

9,65 

7,14 

9,61 

7,18 

12 

13 

10.52 

7,64 

10,48 

7,69 

10,45 

7,73 

10,42 

7,78 

13 

14  |il,33 

«,23 

11,29 

8,28 

11,25 

8,33 

11,22 

8,38 

14 

15   P^'i^ 

3,82 

■1:4,10 

8,87 

12,06 

8,92 

12,02 

8,97 

15 

16    12,94 

9,40 

12,90 

9,46 

12,86 

9i52 

12,82 

9j57 

16 

17   il3.75 

9.99 

13,71 

10,05 

13,67 

lOjII 

13,62 

10,17 

17 

• 

18 

14,56 

10,58 

14,52 

10,64 

14,47 

10,71 

14,42 

10,77 

18 

19 

15,37 

ri,i7 

15,32 

11,23 

15,27 

",30 

15,22 

11,37 

19 

20 

16,18 

ti,76 
12,34 

16,13 

11,83 
12,42 

16,08 
i6,b8 

11,90 

16,03 
16,83 

11,97 

20 

ai 

16,99 

16,94 

12,49 

12,56 

21 

22 

i7,Bo 

12,93 

17,74 

13,01 

17,68 

13,09 

17563 

13,16 

22 

23 

18,61 

13,52 

1^,55 

13,60 

18,49 

13,68 

1  i8;43 

13*76 

23 

24 

19,42 

14,11 

19,35 

14,19 

19,29 

14,28 

19,23 

14,36 

24 

25 

20,23 

14,69 

20,16 

14,78 

20,10 

14,87 

20,03 

14,96 

25 

26 

21,03 

15,28 

20,97 

15,37 

20,90 

15,47 

20,83 

15,56 

a6 

27 

21,84 

15,87 

21,77 

I5>97 

21,70 

i6so6 

21,6., 

16,15 

27 

28 

22,65 

16,46 

22,58 

16,56 

22,51 

16,65 

22,44 

16,75 

28 

29 

23,46 

17.05 

23,39 

17,15 

23,51 

17,25 

23,24 

17,35 

29 

30 

24,27 
25, oh 

17,63 
18,22 

24,19 

25  00 

I/-.74 

24,12 

17,84 

24,04 
24,84 

17,95 

30 

31 

x8,33 

24,92 

18,44 

18,55 

31 

32 

25,^9 

18,81 

z-r.Si 

18,92 

25,72 

19,03 

25,64 

19,15 

32 

33 

26,70 

19,40 

26,61 

19.51 

26,53 

^9t^3 

26,44 

19,74 

33 

34 

27,51 

I9,9« 

27,42 

2o,ro 

27,33 

20,22 

37,24 

20,34 

34 

' 

55 

28,32 

iO,57 

28,23 

20,70 

28,13 

20,82 

28,04 

20,94 

35 

3i> 

29,12 

31,16 

29,03 

21,29 

28,94 

21,41 

28,8; 

21,54 

36 

3  7 

29,93 

21,75 

29,84 

21,88 

29,74 

22,01 

29,65 

■22,14 

37 

3:^ 

30,74  22,34 

30,64 

22,47 

30,55 

22,60 

30,. li 

22,74 

38 

39 

S^^SS  22,92 

3^  AS 

23,06 

3J-,35 

23,20 

31,25 

^3)33 

39 

40 

32,36  23,51 

32,26 

23,65 

32,15 

23,79 

32,0^ 

^3-^93 

40 
41 

41 

33,17  24,10 

33,06 

24,24 

32,96 

24,39 

32,85 

24,53 

42 

33,9824,69 

33,^'7 

24,83 

33,76 

24,98 

33,65 

25,13 

42 

43 

34,79 

25,27 

34,68 

25,43 

34,57 

i5,58 

34,45 

25,73 

43 

44 

35,60 

25,86 

3^,4^' 

26,02 

35,37 

26,17 

35, 2( 

26,33 

44 

4?. 

36,41 

26,45 

36,29 

26,61 

36,17 

26,77 

36,00 

26,92 

45 

46 

37,21 

27,04 

37,10 

27,20 

36,98 

27,36 

36,86 

^7,52 

46 

47 

38,02 

27,63 

37,90  27,79 

37,7^ 

27,96 

37,06 

28,12 

47 

4!^ 

38,83 

28,21 

3^,71  28,38 

38,59 

28,55 

3^:,46 

28,72 

48     [: 

49 

39 '""^A 

28,80 

39,52  :8,97 

39,39 

29,15 

39'26 

29,32 

49 

50 

9 

40,45 

i9,39 

40,32  29,57, 
Dep.    Lat. 

40,19 
Dep. 

29,74 

40,06 

29,92 
Lat. 

50 
Q 

Dcp. 

Laf. 

Lat. 

Dep. 

i 

54  I>^g-  ! 

53  i  Deg. 

53iDeg.| 

53tDeg.| 

T  R  A  V  E 

RS  E 

TABLE. 

■^ 

]      ,d 

36  Deg. 

3^i  Deg. 

36i  Deg. 

36|Deg.j 

Lat. 

Dep. 

l.at. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

JI 

41,26 

29,98 

41,13 

30,16 

41, CO 

30,34 

40,86 

30,51 

51 

52 

42,07 

30,56 

41,94 

30,75 

41,80 

30,93 

41,07 

31," 

52 

i    53 

4S,88 

3r,i5 

42,74 

31,34 

42,60 

31,53 

42,47 

31,71 

53 

54 

43.(>9 

31,74 

43,55 

31,93 

43,41 

32,12 

43,27 

32,31 

54 

55 

44>53 

32,33 

44,35 

32,52 

44,21 

32,72 

44,07 

32,91 

55 

56 

45.30 

32,92 

45, 16 

33,11 

45,02 

33>3i 

44,87 

33y5^ 

56 

57 

46,11 

33,50 

45,97 

33,70 

45,82 

33790 

45,67 

34,10 

57 

1     ^^ 

46,9a 

34,09 

46,77 

34,30 

46.62 

,54,50 

46,47 

34,70 

58 

59 

47>73 

34,68 

47,5  « 

34,^9 

47,43 

35>09 

47,27 

35,30 

59 

60 
61 

48,54 
49,35 

35,27 
35,85 

48,39 

35,48 
36,07 

48,23 
49,04 

35>69 
',6,28 

48,08 
48,88 

35,90 
36,50 

60 
61 

49,19 

63 

50,16 

36,44 

50,00 

36,66 

49,84 

36,88 

49,68 

37,10 

62 

•      6,, 

50,97 

37,03 

50,81 

37,25 

50,64 

37,47 

50,48 

37,69 

63 

64 

51,7*^ 

37,62 

51,61 

37  M 

51,45 

38,07 

51,28138,29 

64 

i     65 

51,59 

3«,2i 

5<2,42 

38,44 

52,25 

38,66 

52,0838,89 

65 

66 

53,40 

3^,79 

53,23 

39,03 

53,05 

39,26 

52,88139,49 

66 

67 

54,2c 

39,38 

54,03 

39,62 

53,86 

39^85 

53,68140,09 

67 

68 

55,01 

39,97 

54,84 

40,21 

54,66 

40,45 

54,49 

40,69 

68 

69 

55,82 

40,56 

55.64 

40,80 

55,47 

41,04 

55,29 

41,28 

69 

70 
1    ^^ 

56,63 

5  7,44 

41,14 

41,73 

56,45 

41,39 

56,27 
57,07 

41,64 
42,23 

56,09 
56,89 

41,88 

42,48 

70 
71 

57,2^ 

41,98 

7Z 

5«,25 

42,32 

58,06 

42,57 

57,88 

42,83 

57,69 

43,08 

72 

j    73 

59,06 

42,91 

5«,o7 

43>i7 

55,68 

43,42 

58,49 

43,68 

73    1 

74 

59,87 

43,50 

59,68 

43,76 

59,49 

44,02 

59,29 

44,28 

74 

75 

60,68 

44,08 

60,48 

44,35: 

60,29 

44,61 

60,09 

44,87 

75 

76 

61,49 

44,67 

61,29 

44,94 

61,09 

45,21 

60,90 

45,47 

76 

77 

62,39 

45,26 

62,10 

45,53 

^1,90 

45,80 

61,70 

46,07 

77 

7« 

63,10 

45,«5 

62,90 

46,12 

62,7c 

46,40 

62,50 

46,67 

78 

79 

63,91 

46,43 

63,71 

46,71 

^3,50 

46,99 

63,30 

47,27 

79 

1    80 
8i 

64,71 

^5,5:^ 

47,03 
47,61 

64,52 
65,32 

^7,30 
47,90 

64,31 
65,11 

47,59 
j8,i8 

64,10 

47,87 

80 
81 

64,90 

48,46 

8z 

66,34 

48,30 

66,13 

48,49 

65,92 

48,78 

65,70 

49,06 

82 

«3 

67,15 

48,79 

66,93 

49,08 

66,72 

49,37 

66,50 

49,66 

83 

84 

67,96 

49,37 

67,74 

+9,67 

67,52 

49,97 

67,31 

50,26 

84 

«5 

68,77 

49,96 

68>55 

';o,36 

68,33 

50,56 

68, ri 

50,86 

85 

86 

69,52 

-0,55 

69-35 

.50,85 

69.13 

51,15 

68,91 

5I?46 

86 

87 

70,38 

51,14 

70,16 

■1,44 

69,94 

51,75 

69,71 

52,05 

87 

88 

71,19 

51,73 

70,97 

,-2,04 

70,74 

52,34 

70,51 

52,65 

88 

89 

72,00 

52,31 

71,77 

52,63 

71,54 

■'2,94 

71,31 

53,25 

89 

90 
91 

72,81 
73,62 

52,90 
53,49 

72,5^ 

?3,22 

72,35 
73,1/ 

'!3y53 
54,13 

72,11 

53,85 

54,45 

90 
91 

73,39 

53,81 

73,91 

92 

74,43 

54,08 

74,19 

54,40 

73,95 

54,72 

73,72 

55,05 

92 

93 

75,24 

54,66 

75,00 

54,99 

74,76 

55,32 

74,52 

55,64 

93 

94 

76,05 

55,25 

75,81 

v5,58 

75,56 

55,91 

75,32 

56,24 

94 

95 

76,86 

55,84 

76,61 

^:6,i7 

76,37 

56, 5 1 

76,12 

56,84 

95 

96 
97 

77,67 

56,43 

77,42 

56,77 

77,17 

57,10 

76,92 

57,44 

96 

78,47 

57,03 

78,23 

57,36 

77,9- 

57,70 

77,72 

58,04 

97 

98 

79,28 

57,60 

79,03 

57,95 

^8,7  e^ 

58,29 

78,52 

58,64 

98 

99 

80,09 

5«,I9 

79,84 

58,54 

79-58 

58,89 

79'32 

59,23 

99 

100 

80,90 
Dep. 

5«,78 
Lat. 

80,64 

59<i3 
Lat.  II 

80,39 

59,48 
Lat.l 

80,13 
Dep. 

59,^^3 

Lat. 

100 

5    , 

Dep. 

54  Deg.  II 

53}  Deg.  II 

53i  Deg.  1 

53-4  Deg. 

•JS 
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5= 

37  Deg.  II 

Lat. 

Dep. 

I 

0,8c 

0,60 

z 

1, 6  c 

1,20 

3 

2,4c 

.,81 

4 

3.-"; 

2,41 

5 

3,9>; 

3,01 

6 

4,79 

3,61 

7 

5,59 

4,21 

8  !  6,39 

4.81 

9 

7,19 

5,42 

lO 

7,99 

6,02 

II 

8,76 

6,62 

12 

9.58 

7,22 

13 

io;38| 
Ii,i8l 

7,82 

14 

8,43 

15 

11,98 

9,03 

l6 

12,78 

9.63 

I? 

13,58 

10,23 

i8 

14,38 

10,83 

19 

15,17,11,43 

30 
ZI 

15,97:12,04 

i6;77ii2,64 

2a 

17,57113,24 
18,37113,84 

»3 

24 

I9,l7ji4,44 

Z5 

19,97 

15,05 

26 

20,76 

15,65 

27 

21,56 

16,25 

28 

22,36 

16,85 

29 

23,16 

17,45 

30 

23,96 

18,05 

31 

24,76 

18,66 

32 

25,56 

19,26 

1    33 

^(>,35 

19,86 

34 

27,15 

20,46 

35 

27,9521,06}! 

36 

28,75 

21,67 

37 

29,55 

22,27 

i    2^ 

30,35 

22,87 

39 

31,15 

23,47 

\    40 

31,95 

24,07 

41 

32,74 

24,67 

42 

33,54 
34,34 

25,28 

43 

25,88 

44 

35,14 

26,48 

45 

35,94 

27,08 

46 

36,74 

27,68 

47 

37,54 

28,29 

48 

38,33 

28,89  ' 

49 

39,13 

^9,49 

50 

39,93 

50,09 

L 

Dep 

l>at. 

53^ 

leg. 

377 

Deg. 

Lat. 

Dep. 

0,80 

0,61 

1,59 

1,21 

^,39 

1,82 

3,18 

2,42 

3,9« 

3,03 

4,7^^ 

3,6j 

5,57 

4,24 

6,37 

4,84 

7,16 

5,45 

7,96 

6,05 

8,;<r 

6,66 

9,55 

7,26 

10,35 

7,«7 

11,14 

8,47 

11,94 

9,08 

12,74 

9,68 

^3,53 

10,29 

14,33 

10,90 

15,12 

11,50 

15,92 

12,11 

16,72 

12,71 

17,51 

13,32 

i8,3X 

13,92 

19,10 

14,53 

19,90 

^5,13 

20,70 

15,74 

21,49 

16,34 

22,29 

16,95 

23,08 

17,55 

23M 

18,16 

24,68 

18,76 

25,47 

19,37 

26,27 

19,97 

27,06 

20,58 

27,«6 

21,19 

28,66 

21,79 

29,4? 

22,40 

30,25 

23,00 

31,04 

23,61 

3i,«4 

24,21 

32,64 

24,82 

33,43 

25,42 

34,23 

26,03 

35,02 

26,63 

35,82 

27,24 

36,62 

37,84 

37;4i 

28,45 

38,21 

29,05 

39,00 

29,66 

39,«o 

30,26 

Dc:p. 

Lat. 

52I 

Deg. 

3  7t  Deg. 


Lat. 


0,79 
^,59 
2,38 
3,17 
3,97 
4,76 
5,55 
6,35 
7,14 
7,93 


8,73 
9,52 
10,31 
11,11 
11,90 
12,69 

13,49 
14,28 

15,07 
15,87 


16,66 

17,45 
18,25 
19,04 

19,83 
20,63 

21,42 
22,21 
23,01 
23,80 


24,59 
25,39 
26,18 

26,97 
27,77 
28,56 

29,35 
30,15 
3t',94 

31,73 


32,53 
33,32 
34,11 
34,91 
35,70 
3^,49 
31,^9 
38,08 
38,87 
39,67 
Dep. 


ep. 


0,61 
1,22 
1,83 
2,43 
3,04 
3,65 
4,26 
4,87 
5,48 
6,09 


6,70 
7,31 
7,91 
8,52 
9,13 
9,74 
10,35 
10,96 

11,57 
12,18 


12,78 

13,39 
14,00 
14,61 
15,22 

15,83 
16,44 

I7>05 
1 7*65 
18,26 


18,87 
19,48 
20,09 

20,70 
21,31 
21,92 
22,52 
23,13 
23,74 
24,35 
24,96 

25,57 
26,18 
26,79 

27,39 
28,00 
28,61 
29,21 
29,83 
30,44 
Lat. 


52TDeg. 


37^ 

Deg. 

tJ 

Lat.  }  Dep. 

?p 

0,79 

0,61 

I 

l,i8 

I,Z2 

a 

2,37 

1,84 

3 

3,1^ 

2,45 

4 

3j95 

3,06 

5 

4,74 

3,67 

6 

5,53 

4,29 

7 

b,33 

4,90 

8 

7,12 

5,5^ 

9 

7,91 

6,12 
6,73 

10 

8,70 

II 

9,49 

7,35 

12 

10,28 

7,96 

13 

ri,07 

8,57 

14 

11,86 

9,18 

15 

I2,6j 

9,80 

16 

13,44 

10,41 

17 

14,23 

11,02 

18 

15,02 

11,63 

19 

15,81 

12,24 

20 

16,60 

12,86 

21 

17,40 

13,47 

22 

18,19 

14,08 

23 

18,98 

14,69 

24 

19,77 

15,31 

25 

20,56 

15,92 

26 

21,35 

16,53 

37 

22,14 

17,14 

28 

22,93 

17,75 

29 

23,72 

18,37 

30 

24,51 

18,98 

31 

25,30 

19,59 

32 

26,09 

20,20 

33 

26,88 

20,82 

34 

27,67 

21,43 

35 

28,46 

32,04 

,36 

29,26 

22,65 

37 

30,05 

23,26 

38 

30,84 

23,88 

,39 

3r,''>3 

24,49 

40 

32,42 

25,10 

41 

33,21 

25,71 

42 

34,00 

26,33 

43 

34,79 

26,94 

44 

35,58 

27,55 

45 

36,37 

28,16 

46 

37,16 

28,77 

47 

37,95 

29,39 

48 

3*^,74 

30,co 

49 

39<53 

30,61 

50 

Dep. 

Lat. 

1  d 

525 

Deg. 

Q  , 

% 
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76 

0 

51 

37  I^eg. 

37tDeg.| 

37il>eg. 

3.7I  I^eg. 

I 

Lat. 
40,73 

Dep. 

Lat. 

Dep. 

Lat. 

40,46 

Dtp. 
31,05 

Lat 
40,33 

jJcp. 

30,69 

40,60 

30,87 

-:i,22 

5X 

52 

4l>53 

31,29 

41,39 

31,48 

41*25 

31,66 

41,12 

,31,84 

52 

53 

4^,33 

31,90 

42,19 

32,08 

42, ,05 

32,2(J 

41,91 

3^*45 

53 

54 

43,13 

32,50 

42,98 

32,69 

42,84 

32,87 

42,70 

3"»o6 

54 

55 

43,91 

33,10 

43,78 

33,29 

43.63 

33,48 

43,4V 

"•3,67 

55 

56 

44,72 

33,70 

44,58 

33,90 

44,43 

34,09 

44,28 

3^,28 

56 

57 

45,52 

34,30 

45,37 

34,50 

45,22 

34,70 

45,0? 

34,90 

57 

58 

46,32 

34,91 

46,17 

35,11 

46,01 

35,31 

45,86 

3.^iSi 

58 

•J9 

47,12 

35, 5 -i 

46,96 

35,71 

46,81 

35,92 

46,65 

36,12 

59 

66 

47,92 

36,It 
36,71 

47,76 

36,32 

47,60 

36,53 

47,4-J 
48,23 

36,73 
37,35 

60 
61 

6i 

48,72 

48,56 

36,92 

48,39 

37,13 

63 

49,52 

37,31 

49.35 

37,53 

49,19 

37j74 

49i02 

37,96 

6a 

63 

50,31 

37,91 

50,15 

38,13 

49,98 

38,35 

49,81 

38,57 

63 

64 

51,11 

3«,52 

50,94 

38,74 

50,77 

38,96 

50,6c 

39,18 

64 

65 

51,91 

39,12 

51,74 

39,34 

51,57 

39,57 

51,39 

39,79 

65 

66 

52,71 

39,7* 

52,54 

39,95 

52,36 

40,18 

52,19 

40,41 

66 

67 

53,51 

40,32 

53,33 

40x55 

53,15 

40,79 

52,98 

41,02 

67 

1    68 

54,31 

40^92 

54,13 

41,16 

53,95 

41^40 

53,77 

41,63 

68 

69 

55," 

41,53 

54,92 

41,77 

54,74 

42,00 

54*56 

42,24 

69 

70 
71 

55*90 

42,13 

55,72 
56,52 

42,37 

42,98 

55,53 

42,61 

55^35 
56,14 

42,86 

70 

56,70 

42,73 

56,33 

43,22 

43,47 

71 

72 

57JO 

43,33 

57,31 

43,58 

57,12 

43,83 

56,93 

44,08 

72 

73 

5«,30 

43>93 

58,11 

44,19 

57,91 

44H4 

57,72 

44,69 

73 

74 

59>io 

44,53 

58,90 

44,79 

58,71 

45,05 

58,51 

45,30 

74 

75 

59,90 

45,14 

59,7c 

45,40 

59,50 

45^66 

59j30 

45,92 

75 

76 

6oj70 

45,74 

66,50 

46,00 

60,29 

46^27 

60,09 

46,.S3 

76 

77 

61,49 

46,34 

61,29 

46,61 

61,09 

46*87 

6oj88 

47,14 

77 

7« 

62,29 

46,94 

62,09 

47,21 

61,88 

47j48 

61,67 

47,75 

78 

79 

63,09 

47,54 

62,88 

47,82 

62,67 

48,09 

62*46 

48,37 

79 

80 

63^89 

48,15 

63,68 
64,48 

48,42 
49>03' 

63,47 

48,70 

63,26 
64,05. 

48,98 

80 

8i 

64,69 

48,75 

64,26 

49i3i 

49,59 

81 

82 

65,49 

49o5 

65,27 

49,63 

65,05 

49,92 

64*84 

50,20 

82 

«3 

66,29 

49>95 

66,07 

50,24 

65,85 

50,53 

65*63 

50,81 

8.1 

84 

67,09 

50,55 

66,86 

50,84 

66,64 

51,14 

66,42 

51,43 

84 

«5 

67,88 

51,15 

67,66 

51,45 

6^,43 

51,74 

67,21 

52,04 

85 

86 

68,68 

51,76 

68,46 

52,06 

68,23 

52,35 

68,00 

52,65 

86 

87 

69,48 

52,36 

69,25 

52,66 

69,0a 

52,96 

68,79 

53, 2f) 

87 

88 

70,28 

52,96 

70,05 

53,27 

69,82 

53,57 

69,58 

53,88 

88 

89 

71,08 

53,56 

70,84 

53.87 

70,61 

54,18 

70,37 

54,49 

89. 

90 
91 

71,88 
72,68 

54,16 
54,77 

71,64 

54,48 

71,40 
72,20 

54,79 

71,16 

55,10 
55,71 

90 
91- 

72,44 

55,08 

55,40 

71,95 

92 

73,47 

55,37 

73,23 

55,69 

72,99 

56,01 

72,74 

56,32 

92 

93 

74,27 

55,97 

74,03 

56,29 

73,78 

56,61 

73,53 

56*94 

93 

94 

75,07 

56  J  7 

74,82 

56,90 

74,58 

57j22 

74,32 

57,55 

94 

95 

75,87 

57,17 

75,62 

57,50 

7^,37 

^7,83 

75,12 

^8,16 

95 

96 

76,67 

57,77 

76,42 

58,11 

76,16 

58,44 

75,91 

58,77 

96 

97 

77,47 

sKi^ 

77,21 

58,71 

7696 

59,05 

76,70 

59,39 

97 

98 

78,27 

58,98 

78,01 

59,32 

77,75 

59>66 

77,49 

60,00 

98 

99 

79,06 

59,58 

78,80 

59,92 

78,V4 

60,27 

78,28 

60,61 

99 

ICO 

79,!^6 
Dep. 

60,18 

Lat. 

79  60 

60,53 

79,34 

60,88 

79*07 

61,22 

ICO 

Dep. 

Lat. 

Dep.l  Lat. 

Dep.    Lat. 

53  Deg.  1 

sH 

Deg. 

52i^^g- 

s^i 

Deg. 

— ™=r-i 

p 

TRAVERSE     TABLE. 

I 

38  Deg.  j 

38iDeg.| 

38iDeg.l 

38lD^g-| 

I 

Lat. 
0,79 

Dep. 
0,62 

Lat. 

Dep. 

,.  Lat. 
0,78 

Dep. 
0,62 

Lat. 

Dep. 
0,63 

0,79 

0,62 

0,78 

2 

l,5« 

1,^3 

1.57 

1,24 

1,57 

1,24 

1,56 

1,^5 

2 

3 

2,36 

1,85 

a,36 

1,86 

»,35 

1,87 

2,34 

1,88 

3 

4 

3<-^5 

2,46 

3.14 

2.48 

3,13 

2,49 

3,12 

2,50 

4 

5 

3.94 

3,08 

3,93 

3,to 

3,91 

3," 

3,90 

3,13 

•5 

6 

4.73 

3.69 

4,71 

3,71 

4,70 

3,74 

4,68 

3,76 

6 

7 

5,52 

4,31 

5,50 

4,33 

5.48 

4,36 

5,46 

4,38 

7 

8 

6,30 

4.93 

6,28 

4,95 

6,26 

4,98 

6,24 

5,01 

8 

9 

7i09 

5.54 

7.07 

5,57 

7.04 

5,60 

7,02 

5,63 

9 

lO 

7,88 

6,16 

7.85 

6,19 

7.83 

6,23 

7,80 
8,58 

'6,26 
6,89 

10 
11 

II 

8.67 

6j77 

8,64 

6,81 

8,61 

6,85 

12 

9,46 

7.39 

9,42 

7,43 

9,39 

7,47 

9,36 

■  7,51 

IZ 

13 

10,24 

8,00 

10,21 

8,05 

10,17 

8,09 

10,14 

8,14 

13 

14 

riA3 

8,62 

10,99 

8,67 

10,96 

8,72 

10,92 

8,76 

14 

15 

11,82 

9,23 

Jl,78 

9,29 

11.74 

9>34 

11,70 

9>39 

15 

16 

I2,6l 

9,85 

iiv57 

9,91 

12,52 

9,96 

12,48 

10,01 

16 

17 

13.40 

10,47 

^3^35 

10,52 

13.30 

10,58 

13,26 

10,64 

17 

18 

14,18 

11,08 

14,14 

11,14 

14,09 

11,21 

14,04 

11,27 

18 

19 

14.97 

11,70 

14,92 

11,76 

14.87 

11,83 

14,82 

11,89 

19 

ao 

41 

15,76 
16,55 

12,31 
12.93 

15,71 
16,49 

12,38 
13,00 

15.65 
16,43 

12,4.^ 

15,6c 

12,52 

20 

13,07 

16,38 

13,14 

21 

2Z 

17,34 

13,54 

17.28 

13.62 

17,22 

13,70 

17,16 

13,77 

22 

23 

18,12 

14,16 

18,06 

14,24 

18,00 

14,32 

17,94 

14,40 

23 

24 

18,91 

14,78 

l8,$^5 

14,86 

18,78 

14,94 

18,72 

15,02 

24 

aj 

19,70 

i5-,39 

19,63 

15,48 

19,57 

15,56 

I9»50 

15,65 

25 

26 

20,49 

165OI 

20,42 

16,10 

20,35 

16,19 

20,28 

16,27 

26 

27 

21,28 

16,62 

a  1, 20 

i6;72 

21.13 

16,81 

21,06 

16,90 

27 

28 

22,06 

17,24 

21,99 

17,33 

21,91 

17,43 

21,84 

I7>53 

28 

29 

22,8^ 

i7,8v 

»2i77 

17.95 

22,70 

18,05 

22,62 

18,15 

29 

30 

33,64 

18,47 
19,09 

43,56 

18,57 

23,48 
24,'26 

18,68 

23»40 
24,18 

18,78 
19,40 

30 
31 

31 

^4,43 

24,34 

19,19 

19,30 

32 

25i22 

19,70 

25.13 

19,81 

25,04 

19,92 

24,96 

20,03 

32 

33 

26,00 

20,32 

25,92 

20j43 

25,83 

20,54 

25,74 

20,66 

33 

34 

26,79 

20,93 

26,70 

21,05 

26,61 

21^17 

26,52 

21,28 

34 

35 

27,58 

21,55 

27,49 

21,67 

27,39 

2t,79 

27,30 

21,91 

SS 

^6 

^8,^7 

22,16 

28,27 

22,29 

28,1 7 

22J41 

28,08 

22,53 

36 

37 

29,16 

22,78 

29,06 

22,91 

28,96 

23P3 

28,86 

23,16 

37 

38 

*9>94 

23.40 

29,84 

23,53 

29.74 

23,66 

29,64 

23,79 

38 

'   39 

30,73 

24,01 

30,63 

24,14 

30,52 

24,28 

30,42 

24,41 

39 

40 

31,52 

24,63 

25,24 

31,41 

24,76 
25,38 

31,30 

24,90 

31,20 
31,98 

25,04 

40 
41 

' 

41 

3^,3^ 

32,20 

32,09 

25,52 

25,66 

42 

33,10 

5  5,86 

32,98 

26,00 

32,87 

26,15 

32,76 

26,29 

42 

' 

43 

33,88 

26,47 

33,77 

26,62 

33,65 

26,77 

33yS3 

26,91 

43 

44 

34,67 

27,09 

34,55 

27,24 

34,43 

27,39 

34,31 

27J54 

44 

45 

35.46 

27.70 

35,34 

27,86 

35,22 

28,01 

35,09 

28,17 

45 

46 

36,35 

Z8,^2 

36,12 

28,48 

36,00 

28,64 

35,87 

28,79 

46 

47 

37,04 

28,94 

36,91 

29,10 

36,78 

29,26 

36,65 

29,42 

47 

48 

i7,82 

^9yS5 

37,70 

29,72 

37,57 

29,88 

37»43 

30,04 

48 

49 

38,61 

30,17 

38,48 

30,34 

38,35 

30,50 

38,21 

30,67 

49 

50 

39.40 

30,78 

39,27 
Dep. 

30,95 
Lat. 

3-9'i3 
Dep. 

-Lat. 

38,99 
Dep. 

3i,.^o 
Lat. 

50 
Q 

Dep. 

Lat. 

52  Deg.  ! 

ii^Deg-l 

5iiDeg| 

SH^^S' 

1 

i 
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I -J — 

[  38  Deg. 

SH 

Deg. 

38i  Deg. 

3«^Deg.| 

0 

Lat. 

Dep. 

Lai. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

35 

51 

40,19 

31*40 

40,05 

31,57 

39.91 

31,75 

39,77 

31,92 

51 

52 

40,98 

3201 

40,84 

3i,i9 

40,7c 

32,37 

40,55 

3^,55 

52 

53 

41,76 

3*,63 

41,62 

32,81 

41,4^ 

3i,99 

41,33 

33,17 

53 

54 

4^,55 

33  •'^5 

42,41 

33,43 

42,26 

33,62 

42,11 

33,80 

54 

55 

43,34 

33. «6 

43,19 

34.05 

43,04 

34,24 

42,89 

34,43 

55 

56 

44,13 

34,48 

43,9*^ 

34,67 

43,83 

34,86 

43,67 

35,05 

56 

57 

44,9^ 

35,09 

44,76 

35,29 

44,61 

35,48 

44,45 

35,68 

57 

5« 

45.70 

35,71 

45  J5 

35,91 

45,39 

36,11 

45,23 

36,30 

58 

59' 

46,49 

36,32 

46,33 

36,53 

46,17 

36,73 

46,01 

^6,93 

59 

60 
61 

47,28 

48,07 

36,94 

37.56 

47,12 
47,90 

37,15 
37,76 

46,96 

47,74 

37,35 
37,97 

46,79 

37,56 

60 
61 

47,57 

38,18 

62 

48,86 

38,^7 

48,69 

38,38 

48,52 

38,60 

48,35 

38,81 

6a 

63 

49,64 

3»,79 

49,47 

39,00 

49,30 

39,22 

49,13 

39,43 

63 

64 

50,43 

39,40 

50,26 

39,62 

50,09 

39,84 

49,91 

40,06 

64 

65 

5i,aa 

40,02 

51,05 

40,24 

50,87 

40,46 

50,69 

40,68 

65 

66 

5»,oi 

40,63 

51,83 

40,86 

51,65 

41,09 

51,47 

41,31 

66 

67 

5i,8o 

41,25 

52,62 

41,48 

52,43 

41,71 

52,25 

41,94 

67 

68 

53,58 

41,86 

53,40 

42, ro 

53,22 

42,33 

153,03 

42,56 

68 

69 

54,37 

42,48 

54,19 

42,72 

54,00 

42,95 

53,81 

43,19 

69 

70 
71 

55>^(^ 
55,95 

43,10] 
43,71 

54,97 

43,34 

54,78 

55,5  7 

43,58 
44,20 

54,59 
55,37 

4S,8i 
44,44 

70 
71 

55,76 

43,96 

72 

56,74 

44,33 

56,54 
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